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ABSTRACT

Full-scale measurements of the radiation patterns of simple HF
field-expedient antennas (dipoles, monopoles, inverted L's, and slant
wires) were conducted while the zntennas were situated over open (level)

terrain, in a U.S. pine forest, in a tropical forest in Thailand, and

(under another contract) in hilly terrain. The results of the measure-

ments at the four sites have been described elsewhere in individual

measurement reports. The major results from these measurements are sum-

marized and examples of the measured data are presented in this repert.

A computer model of a short dipole antenna in a homogenec« s, iSot-
tropic forest medium was developed and the calculated results are com-
pared with measured data from short and half-wave resonant dipoles. The
six parameters of the model (antenna height, forest height, and permit-
tivity and loss tangent of both the earth and the forest) were varied to
determine the sensitivity of the antenna patterns to each of these param-

eters. This test indicated that the effect of the antenna height is the

most significant variable.

The measurements did not readily yield absolute gains of the anten-
nas, but a method is presented for estimating these absolute gains and

a table of the estimat2d absolute gains for many of the antennas measured

is presented.
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PREFACE

This report summarizes the results of ar extensive effort on modeling
and measuring the performance of HF field-expedient antennas in varior
terrains, The Thsiland phase of the work described in this report was
performed as part of the SEACORE program of the U.S, Department of Defense
with the support, and using the facilities, of the Military Research aud
Development Center (MRDC) in Bangkok, Thailand, The MRDC is a joint
Thai-U,S, organjzation established to conduct research ard development
vwork in the tropical eavironment. The overall direction of the U.S,
portion of the MRDC has been assigned to the Advanced Research Projects
Agency (ARPA) of the U.S, Department of Defense who, in 1962, asked the
U.S. Army Electronics Command (USAECOM) and the Stanford Research Insti-
tute (SRI) to establish an elect-onics laboratory in Thailand to facili-
tate the study of radio communicatiions/electronics in the tropics. The
MRDC-Electronics Laboratory {MRDC-EL) began operation in 1963 [under
Contract DA 36-039 AMC-00040{E)] and since that time the ARPA has activ-~ly
mon‘ torea and directed the efforts of USAECOM and SRI. [(n Bangkok, thi -
function is carried oui by the ARPA Research and Development Coanter,

The cooperation of the Thai Ministry of Defense and tte Thailand and COXNUS
representatives of the ARPA and USAECOM made possible +:.e work relating
to the measurements and computer modeling of HF field-expeilient antennas

installed in open terrain and in forested arcas.

During 1967, a separate program was initiated by the U.S, Department
of Deferse (under Contract DAHC07-67-C-0144) which involved the wneasurement

of the radiation patterns of HF field-expediert antennas in hilly terriin,




Since these measurements are supplementary to those performed under

SEACORE, selected examples are presented in this summary report,

The preparation and printing of this report was supported by USECOM

under Contract NAABO7-70-C-0220,
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I INTRODUCTION

This report is concerned with the effects of terrain and vegetation
on the directivity and gain of HF field-expedient antennas. Interest in
these so~called simple antennas has been stimulated by the neea for better
field communications in jungle and mountainous areas. Whereas the radi-~
ation patterns and gains of simple dipoles, etc. over perfect ground have
been well documented, relatively little information is available on the
performance of these antennas in less than ideal situations--with un-
balanced feedlines, over poorly conducting ground, in jungle and mountain
environments, and in situations similar to those encountered in actual

field use.l*

In order to better understand the effects of forest and terrain oxn
the radiation patterns of field-expedient HF antennas, measurements of
the radiation patterns of dipecles, monopoles, inverted L's, and slant
wires were performed while the antennas were situated over open, flat
terrain,? in a U,S, pine forest,® znd in a tropical forest in Thailand,?
under Contract DA 36-039 AMC-00040(E), and while the antennzs were situated
in hilly terrain under Contract DAHC07-67-C-0144.5 The data resulting
from the above measurements provided some insight to the prohlem, but,
in the absence of appropriate mathematical models, these data were rele-
vant only to the specific locations mersured. In order to interpret
these data in a more gereral sense, a computer model was developed to
mathematicaliy predict the radiation patterns of simple antennas when

immersed in a forest (as approximated by a lossy dieiectric slab) 8

*
References are listed at the end of the report.
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This model (like any other mathematical model) is potentially only as
accurate as its input data (i,e., in this case the ground and vegetation
electrical constants and an g¢stimate of the forest and antenna heights).,
In order to provide information on the electrical constants of ground and
vegetation, open-wire transmission-line techniques (discussed else-
where’~?) were devised to perform these measurements, This report sum-
marizes the results of antenna directivity pattern measurements at the
various locations, discusses intra-site comparisons of the various an-
tennas, and compares the dipole data from the forested sites with the

results predicted by the computer model,

At this point, a few comments on the organization of this report
may be useful to the reader, The description of the three measurement
sites used under Contract DA 36-039 AMC-00040(E) is presented in Section
II. The measurement system and data-acquisition processing and display
are discussed in Section III. The measurement antennas are described
in Section IV in a sequence that is maintained throughout the report
when practical--i.e,, dipoles, monopoles, inverted L's, slant wires,
loops, and long-wire antennas., Tabie 1 in Section IV lists all the an-
tennas whose patterns were measured under Contract DA 36-039 AMC-00040(E)
and summarizes the pattern data available in the three measurement re-
ports,2-4 and an inter-site comparison is given in Section V., A des-
cription of the measurements over hilly terrain (performed under Contract
DAHCO7-67-C-0144) ~-including the site description--is given in Section
VI. The forest slab model is described in Section VII and a brief in-
vestigation of the sensitivity of this model to the variation of the
input parameters is presentzd in Section VIII. A comparison of the model
predictions for dipole antennas at all but the hilly site is given in
Section IX. Summaries cof measured relative antenna gains and estimated
absolute gains (gain relative to an isotropic radiator) are presenteZd

and discussed in Section X, A summary of major findings resulting from
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this work is presented in Section XI. For convenient reference, the

pattern data are provided in appendices at the erd of this report, The
directivity pattern data from the open (level) and forested sites and in
the hilly terrain are presented in Appendices A and B respectively, and

the comparison between the computed and measured patterns for the Thailand

site is given in Appendix C,
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II DESCRIPTION OF MEASUREMENT SITES

Antenna pattern measurements were performed at several sites in
Califorpia and Thailand {see Figures 1 and 2, respectively), This sec-
tion briefly describes the sites considered under Contract DA 36-039
AMC-90040(E) in terms of terrain, ground condition, and measured values
of ground constants and vegetation constants (where available or applica-
ble). The site considered under Contract DAHCO7-67-C-0144 is described

in Sec, VI,

For further information, refer to the reports from which the antenuna
data were obtained, and in the czse of the Thailand site, the separate
report by the Environmental Sciences Division of the Military Research
and Development Center, Bangkok, Thailand,l® Additional data on ground
and vegetation constant measurement techniques and measured ground and
vegetation constants in Thailand are given in Refs, 7 through 9 and 11

through 15,

A, Lodi, California

Antenna patterns were measured over open, flat farmland, near Lodi,
California during September and October 1964.2 This site was chosen to
keep obstructions at a minimum., The nearest obstruction was a fence,
consisting of a few strands of barbed wire 2 to 3 ft high, several hun-
dred feet south of the antennas. Otherwise, the ground was clear and
very gently rolling for at least a half mile in all directions, with nc
terrain or obstruction higher tham a degree or two in elevation relziive
to the test site, The weather hefore and during the antenna measurements

was hot and dry.

Preceding page bizak
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No RF ground-constant measurements were made at this site; however,
the dc ground conductivity was sampled as a function of depth using the
Schlumberger method as described in the Appendix of Refs, 2 and 12. Un-
fortunately, even these measurements could not be made until two months
later than the antenna pattern measurements--after a rainy period. The
survey found two distinct layers within several skin depths of the surface
(35 £ft) . The dc conductivity of the 2-ft, plowed surface layer was
about 1072 mhos/meter., Beneath this, the conductivity increased con-
siderably. 1In spite of the uncertainty introduced by the ground wetting,
it appeared that the dc conductivity was about 5 X 1072 mhos/meter,
somevwhat higher than that normally associated with farmland. The dc
resistance measurements do not yield the relative dielectric constant,
but it is estimated to have been approximately 12 in the surface layer
and 30 below it, No other significant discontinuities were found by the

survey or a search of geological records,

B. Almanor, California

Measurements in a conifer forest were conducted during May and June
1965.2 The forest was a pine farm located near Almanor in northern
California. The trees varied in height from 50 to 1U0 ft and in diameter
from 1 to 13 ft, They were randomly spaced and approximately 10 ft apart,
Undergrowth was sparse and consisted primarily of pine saplings, The
density of the trees can be seen in the photograpa showing a typical an-
tenna installation (Figure 3). The receiving and recording equipment
van and irackiiy unit were situated in a small clearing near a highway
and #mall lake, Most of the antennas duplicated those measured at Lodi,
California, over open, flat terrain, so that a comparison could be made
of directivity patterns of the antennas in the Iorest at Almanor and in
the open at Lodi. The antennas were pluced in the forest at least 200
it from the edge of the clearing used for the receiving van and were
erected in open spacas amodng the trees.

8
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No measured data are available on the ground or foliage constants

at this site.

€., Ban Mun Chit, Thailand

During June and July 1966, measurements were performed in a tropical
forest near the village of Ban Mun Chit, Thailand.4 This site lies ap-
proximately 90 km southeast of Bangkok in Cholburi Province, It lies in
the niddle of gently rolling hill country about 30 km-due east of Siricha

wvhich is on the east coast of the Gulf of Thailand.

Measurements at this site included the same antennas that were pre-
viously measured at Lodi and Almanor, in addition to an antenn: of each
type designed for 6 MHz, Selected dipoles and monopoles also were mea-

sured while located in, and out of, the dry-evirgreen tropical forest.

The area originally had been heavily forested, but much of the
forest had been removed previously for comnercial and agricultural pur-
poses, Consequently, much of the foregt area consisted of second growth,
The site itself was comprised of a clear area free of undergrowth adja-
cent to a moderately heavily forested area, Tree heights were estimated
to be 50 to 75 ft, with a moderately dense but uneven and broken canopy.

There was a considerable amount of undergrowth to a height of 20 to 25 ft,

The ground was sandy and dry, with good drainage--little standing

water remained shortly after heavy rains,

Figure 4 shows a general view of the site. In the foreground is
the cleared area with a new growth of cultivated tapioca, The forest is

in the background.

Measured values of ground constants show the dielectric constaat and
conductivity to be low, as seen in Figure 5.° Therefore, the ground
could be classified as "electrically poor ground."” The dashed lines in-

dicate the trend of the data as a function of frequency. The measured

10
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values of foliage constants are given in Figure 6.° The data for under-

growth sample I were obtained in one of the most dense parts of the site.

Indeed, these data represent the highest complex dielectric constants

measured in living vegetation at any site surveyed during this contract.

The data for undergrowth sample II were probably more typical of “un-

disturbed" undergrowth at the site, The tapioca data were obtained in

the cultivated area visible in the foreground of Figure 4,
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III MEASUREMENT OF ANTENNA RADIATION PATTERNS

The radiation patterns of HF field-expedient antennas discussed in

TP AT T Ry AT

this report were measured by towing a special transmitter (Xeledop*) on

specified courses (orbits and linear passes) around the measurement an-

SHigey YA Rt

tennas with an aircraft modified especially for this purpose, The sig-

TR o

nals received by the measurement antennas on the ground were recorded on
strip-charts. together with the position of the towing aircraft, Later,
these analog data were scaled and punched onto IBM cards and processed
using digital computers to produce contour maps of the received signal
strength, each of which shows the response of one antenna to one fre-

quency and one polarization,®6

The instrumentation and data-processing techniques are briefly de-
scribed in this chapter, More details can be found in the reports de-
scribing the individual measurements,2~4 and in Ref, 16 and in the open

literature 17

A, The Xeledop

The Xeledop is a sequentially keyed transmitter operating on eight
frequencies between 2 and 30 MHz, It is towed behind arn aircraft on
approximately 300 ft of dielectric rope. All the electronics and batter-
ies are contained in a central sphere, Arms extending out from the sphere
are fed as a balanced dipole lutenna, whose total length is always less
than one-half wavelength for the frequencies used, Thus, the directivity

pattern of the Xelcdop is approximately that of a Hertzian dipole for

*
An acronym denoting Transmitting Elementary Dipole with Optional
Polarization,

15




all the measurement frequencies, The Xeledop can be towed to transmit
either horizontally (Em) or vertically (Ee, when corrected for the trans-
mitting dipole pattern) polarized waves, The electrical symmetry of the

Xeledop 13 such that the radiated polarization depends only upon its

ETh

physical oriectation, and its radiated power remains ccnstant for either

"4

polarization,

B. Aircraft Tracking and Guidance

In addition to towing the Xeledop transmitter, the aircraft carried
a low-power radio beacon transmitter and ¢ modified AN/APX~6 (IFF) trans-
ponder unit. Both are used for position information: the beacon 1ls
tracked by ground equipment, which provides azimuth and elevation infor-
mation for data processing; the airborne transponder works with a similar

unit on the ground to indicate slant range to the pilot, The slant range

SR B R T I T e L DA S RO

is displayed on a meter called the Pilct's Deviation Indicator (PDI).

The ground-tracking unit is a Rawin AN/GMD~1 Weather Balloon Tracker
(referred to as the GMD), A steerable parabolic-dish antenna (with
rotating-~dipole feed) tracks the aircraft beacon transmitter through the
use of servomechanisms. The azimuth, elevation, and a sequence number
(called the GMD time) are printed on adding-machine paper every 6 seconds,
The position data (azimuth and elevation) are printed out to hundredths
of a degree, but this infurmation is precise only to tenths of a degree,
with a stated accuracy of +0.1 degree., We believe the equipment to be

accurate at least +0,3 degree for this application,

C. Receiving and Recording

The patterns of several antennas were measured simultaneously by
feeding the RG-8 coaxial transmission lines from the antennas into an-
tenna multicouplers, The input impedances at these terminals were hzld

to within 1.5:1 VSWR (50-ohm reference) for the measurements at Lodi2
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and within 1.2:1 VSWR for the measurements at Almanor and Ban Mun Chit.2»%
The output signals of the antenna multicouplers were fed into R-390A/URR
radio receivers, one for each anteana at each micasurement frequency.

The AGC voltages of these receivers were used to drive the pens on strip-

chart recorders,

The system was calibrated before every orbit by injecting a cali~
bration signal from an HP 606A signal generator into the multicouplers
in place of the antenna signals, and then recording a 40-dB staircase
in 10-dB steps on the strip-chart records, The dynamic range of the
system was extended through ithe use of push-button attenuators that could

be inserted manually between the multicoupler and receiver,

D, Data Processing

Two sets of data records were combined tuv determine one antenna
pattern: the amplitude record on the strip-chart recordings and the
printed azimuth and elevation records from the GMD. The data from the
latter were simply key punched into IBM cayds, The strip chartis were
read with a Gerber GOAT, (a semi-automatic analog-to-digital data scaling
device) which converted the amplitude data (Xeledop pulse envelope) into
digital values and punched these values into IBM cards, Similarly, thc

calibration records were punched into IBM cards,

These data cards were then used as the input to a series of computer
programs, The first sequence of programs converted the AGC voltage
amplitude readings to dB, corrected the azimuth and elevation data for
parallax so that they were relative to the antenna position rather than
the GMD position, corrected each amplitude for variations in slant range
between the test antenna znd the Xeledop by adding 20 logg (Ractual
Rnominal); and, if the measurement was performed with vertica1~polariza~

tion, each amplitude was corrected for the transmitting pattern of the

Xeledop by aading 20 1°g10 cos (elevation amgle).
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The data were then normalized so that the maximum value recorded
for an antenna, frequency, and polarization was established as 0 dB and
all other values were referred to this maximum. The data were then
contoured using a special contouring program* and plotted using a Cali-~

fornia Computer Products (Cal-Comp) incremental plotter,

E, Antenna Pattern Data Presentation

The measured antenna patterns are presented in the form of contours
using an azimuthal equal-area pirojection of the measured signal strength
(see appendices for examples). This display may appear at first glance
to be unnecessarily complicated, but it has several advantages. The
method of reading these maps is explained below, along with the advantages

of using this type of display.

Each contour map shows all of the amplitude data taken at one site
on one antenna for one polarization at one frequency, The plot can he
visualized in several ways. For example, one may picture placing a large
hemisphere over the antenna being measured, then drawing the field
strergth contours cn its surface. For purposes of discussicn the contour
plots may be regarded as two-dimensional maps of this hemisphere as
viewed from above (see Figure 7). Hence, the zenith angle is at the
center of the plet, azimuth angles appear as radials, and elevation angles

are equally spaced concentric circles.? The outer rim of the plot is

*
This program is a proprictory item purchased from Computer Laboratories,

Inc,, Houston, Texas.

fThe contour nlot is not a stereographic mapping of the hemisphere as it
has been referred to in Refs, 2 and 3. A stereographic projection of
the hemisphere is a conformal (angle-preserving) mapping that would make
the smaller elevation angles appear more closely spaced, whereas the
azimuthal equal-area projection used here is not conformal but rather a
mapping that allows equal solid angles to be projected as equal solid
areas. An excellent discussion of both these projections is given by
Hayden in Ref. 18,
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A CONTOUR PLOT AS A MAP OF A HEMISPHERE

FIGURE 7
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the horizon (0° elevation). The azimuth angles numbered around the rim
of the plot are in degrees relative to some principal axis of the antenna,
A diagram of the antenna is drawn in the center of the contour plot to
assist the reader in visualizing the relationship of the contour plot to

the antenna.

The ceatour interval is 3 dB, with the highest amplitude recorded
for each plot taken as 0 dB. Tke 0-dB point is not shown, because its
exact position is misleading without detailed knowledge regarding the
aircraft orbits, but its true location can be inferred from the other

contours,

The contour plot has merits both intrinsically, as a data display,
and extrinsically, through its adaptability to the Xeledop measurement
technique. As a data display, it has the advantage of showing the com-
plete characteristics of the antenna in one diagram much more clearly
than a series of polar cuts, It also emphasizes the relative antenna
responsz as a function of solid angle, a better measure of the usefulness
of any antenna for communications than azimuthal beamwidth. Indeed, for
HF taciical (low-gain) antennas, the concept of beamwidth is somewhat
ambiguous and virtually useless., In addition to having these advantages
as a display, the contour plots are very well adapted to the way in
which the data were taken. Since the aircraft did not fly perfect orbits
about each antenna, the elevation angles actually measured could vary
considerably during any given orbit and from ore set of antennas to
another, Thus, it is neither accurate nor adzquat: simply to plot the
measured ampliiude as a function of azimuth on a polar chart, Some means
~f interpolating between the data taken at the various elevailinn angles
is required, becouse the angles actually measured ran change from one
set of orbits to the next. The plot progrem does thiis by finding contours

of equal response 2s indicated by the available amplitude data.




The accuracy of the pattern-measuring cystem is limited principally
by the stability of the field equipment and that of the Xeledop (both of
which appear to be very good), and the precision of the scaling of the
strip charts, Evidence from overlaps, rersadings, and the general cor-
relation of the data indicates that systematic and predictable errors
have been effectively eliminated, leaving s random scattering of the data
of about 1.5 dB, or one-hclf the contour interval, The best test for
the significance of features in a pattern may be stated as follows: if
the deviation is smaller than one-half the distance between the contour
lines, it can be ignored; otherwise, it is significant. This is not
strictly true for all plots since many data points on some plots were lost
because of interfering signals which caused these plots to be distorted
not by inaccurate readings but by missing data points. Most of the plots
with possible inaccuracies due to this cause can be identified by ob-
serving that parts of the pattern above 5° to 10° are missing (e.g., see

Figure A-15 or A-31),.

The azimuth and elevation angles are measured and plotted to better
than 1°; however, with the relatively coarse sampling used for contouring

the data, a figure of +3° would be a better estimate of accuracy.

An accurate scaling of the shape and depth of sharp nulls was not
attempted, and the above discussion does not strictly apply to them.
The angular position of a null was determined relatively accurately;
however, the value shown on the contour plot is an upper bound for its
signal strength. Hence, if -18 dB is shown, this mezns the null was as

low as (or very likely lower than) -18 (B,

¥, Power Patterns H

A practical method for measuring the Poyntiny vector pattorns

(power patterns) over the entire hemisphere above an antenna was described
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in detail in Ref, 3. This method relies on flying linear orthogonal
passes over the antennas and then caimmlating the Poynting vector at the
intersection points of the orthogonai passes, These data, combined with
the Poynting vector data derived from the Ee and E; measurements using
orbits below approximately 50°, were used to produce power patteras for

the antennas measured at Almanor and Ban Mun Chit,

These patterns are of particular interest because they provide an
estimate of the effective directivity near the zenith--the direction of
most interest for HF skywave applications on shert inuospheric paths.
It can be shown that although they are not strictly reciprocai, as are
the individual polarization patterns, these power patterns do spply for
antennas at both ends (i.e., transmitting and receiving terminals) of a

conmunication system,

For the transmitting case, these plots show the relative power di-
rectivity, or the relative magnitude of the Poynting vector of the an-
tenna., (The angle of the Poynting vector would be directed radiaily

outward from the antenna in this case.)

For the receiving case, the power plots can be thought of as approxi-
mating the time-average response of the antenna to randemly polarized
incident waves arriving at the receiving antenna after reflection from
the ionosphere. Note, however, that the received signal level at any
given instant depends upon the angle of arrival and resultant field
strength of the incident wave(s), and the actual polarizatioan of both the
receiving anteunnz and the incident field. For near-vertical-incidence
paths-~the primary intended use of the field-expedient anteunnas under
discussion in this report--the randomization is not quite complete in

equatorial areas,b19-21

When reviewing the power patterns presented in this re,ort, the

reader should recall that the jower patterns for the .ntennas at Almanor

22
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were produced with a contouring program using about twice as many grid
points (data plotting points) as those produced from the Ban Mun Chit

data. Consequently, the Ban Mun Chit power patterns will be slightly

"smoother" than the power patterns from Almanor {for example see Figures

WA st

A-30 and A-33)., {This does not apply to the Ee and Eo contour plots

which were produced with the same high-density grid for all three sites.)
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IV DESCRIPTION OF ANTENKRAS

The antennas whose patterns were measured under Contract DA 36-039
AMC~00040(E) are described in this section and the data available are
sunmarized in Table 1, Pattern data for all of these antennas are not
presented in the Appendices of this report but these data, as well as
information regarding the exact locations of these antenras; can be

found in the reports describing the individual measurements.,2-%

These antemnnas, with the exception of the monopoles and the balanced
dipoles over ground screens, were designed to conform as closely as
possible to those commonly employed in tactical situations, This was
easy in the case of the dipoles, since they are normally fed through a
coaxial line. However, the slant wires and inverted L's are normally
used with the radio set (and the operator) located at the feed point.
This was not possible here, because the receivers and recorders were
located at a distance from the antennas, For the inverted L's, the co-
axial line was led in at right angles to the eievated horizontal element,
and the shield was simply connected to a 2-ft grounding rod at the feed
point., 1In all cases, the shields of the coaxial lines were continuous
from the antenna feed point to the equipment van used for antenna pattern
measurements. Contrary to tactical communication practice, grounding
rods were used at various places to control currents on the coaxial lines--
particularly to help define the limits of the coaxial-line counterpoise.
It should be noted that these rads changed the current distributions in
the ground systems to some extent, principally affecting the antenna

impedances ,2~4 122
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Table 1

SUMMARY OF MEASURED HF ANTENNA PATTERN DATA

AVAILABLE IN REFS. 2, 3, AND 4

Data Available”

fo fm Ban Mun
Antenna Type (MHz) | (MHz) | Lodi3 | Almanor® | Chité
Balanced Dipole with Ground 6.0 3.0 8, ¢, P
Screen in Clearing-— 4.0 8, o, P
41-ft High 6.0 9, o P
8,0 8 o P
Balanced Dipole ia Clearing-- 6.0 3.0 9, ¢, P
41-ft Hign 4.0 8, ¢, P
6.0 9, o, P
8.0 8, o, P
Unbslanced Dipole in Clearing-- | 6.0 3.0 9, o, P
41-ft High 1.0 0, o, P
6.0 9, o P
8.0 8, ¢, P
Balanced Dipole in Forest--~ 6.0 6.0 s ©, P
41-ft High
Unbalanced Dipole in Forest-- 6.0 3.0 8, e, P
41-ft High 4.0 9, o, P
6.0 9, o, P
8.0 9, o, P
Unbalanced Dipole in Forest-—- 6.0 6.0 g, o, P
16-ft High
Unbalancecd Dipole ir Forest-- 6.0 6.0 9, o, P
8-t High
2-ft-High Unbalanced Dipole-- 6.0 2,0} 8 8
1.0 | 8 9, . P | 8, o, P
60|68, 10,9 P|0o,oe0P
8.0 8, o, F
100 | 9, 2| 8, o, P
23-ft-High Unbalanced Dipole 8.0 2.67| 8, *
5.0 |6, 0}a o P
80 |5, |8, e P8 o?P
15018, 0} 90, ¢, P
Balanced Dipole over Ground 15.0 4.0 L) 9 8, o, P
Screen-- 5.0 { ¢ [
16.4 ft High 6.0 [ ¢ 8, ¢, P
8.0 | o e 9, o, P
10.0 ] 3
12,0 8, o, P
15.0 | ¢ ® g, o, P

-
Symbols for pattern data are as follows: @ is vertical polarization

response, ¢ is horizontal polarization response, and P is power

response,
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Table 1 (continued)

Data Available*
2 28 b &9 Ban Mun
Antenna Type (MHz) | (MHz) | Lodi? | Almanor® | Chitt
Sleeve Dipole 5.0 5.0 0, ¢ P
8.0 e, ¢, P
Sleeve Dipole 6.0 6.0 9, ¢, P
JeB-Type 80-ft-High Balanced 6.0 6.0 8, ¢, P
Dipole
J&B-Type 40-ft-High Balanced 6.0 6.0 0, ¢, P
Dipole
J&B-Type 40-ft-High Balanced 12,0 12,0 °©
Dipole
Monopole in Clearing 6.0 6.0 8
Monopole on Edge of Clearing 6.0 4.0 -]
6.0 -]
8.0 8
Monopole in Forest 6.0 4,0 [}
6.0 [:]
8.0 o
Nonopole 15.0 20 Jo 8
2.67,9
4.0 {9 9
5.0 |8 <]
6.0 |9 8
8.0 |8 8
10.0 <]
15,0 16 9
J&B-Type 80-ft-High Vertical 2,0 2.0 8
JkB-Type 40-ft-High Vertical 6.0 6.0 9
&B-Type 20-ft-iigh Vertical 12,0 12,0 ]
2:1 Inverted L 6.0 3.0 g, ¢, P
4.0 6, ¢, P
6.0 8, o, P
8.0 9, ¢ P
2:1 Inverted L 8.0 267]9, o| 8
5.0 8, o, P
80 g, ¢c| 8, ¢, P | 8, ¢, P
5:1 Inverted L 6.0 1.0 2, o, P
6.0 8, o, P
8.0 8, ¢ P

E
Symbols for pattern data arc as follows: @ is verticsl polarization
response, ¢ is horizontal polarization response, and P (s power response.

27

AP, Wil R BSR4 W




Table 1 (concluded)

Dsta Available*
: 1, 1, Ban Mun
' Antenna Type (MHz) | (MHz) | Lodi2 |Almanor3| Chité
4 5:1 Inverted L 10.0 | 4.0 g, o, P
6.0 8, ¢, P
3 10,0 J 9, © |6, ¢, P | B, ¢, P
N 30° Slant Wire 4.0 | 20 | @ 8, o, P
3 f 4,0 |9, © |0, o, P | B, o, P
4 i 60 {8, ¢ [0, ¢ P
4
3 30° Slant Wire 6.0 | 3.0 8, ¢, P
R 4.0 g, ¢, P
6.0 8, ¢, P
5 8.0 e, o P
60° Slant Wire 5.0 5.0 | g, o
3 150 { g, ¢
&
4 Loop in Clearing 6.0 6.0 8, o, P
3 Loop in Forest 6.0 6.0 8, o, P
Long Wire 5.0 3.0 8, o, P
4.0 6, ¢ P
6.0 g, ¢, P
8.0 9, ¢, P

*
Symbols for pattern data are as follows: @ is vertical polarization
response, & is horizontal polarization response, and P is power response,.
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The radiating elements of all antennas were made of No, 10 or 12

solid copper wire, unless otherwise noted,

A, Dipole Antennas

Various configuraticns of balanced and unbalanced dipole antennas
were measured while they were located in and out of the forests to in-

vestigate the effects of the forests on the antenna radiation patterns,

1, 6-MHz Dipole Antennas

Eight 6-MHz dipole antenna configurations were measured at Ban
Mun Chit to investigate the effect of the forest, antenna height, and

matching circuits on the antenna radiation pattern. These includszd:

(1) A 41-ft-high balanced dipole with a ground screen,

located in a clearing
(2) A 41-ft-high balanced dipole in a clearing
(3) A 41-ft-high unbalanced dipole in a clearing
(4) A 41-ft-high balanced dipole in the forest
(5) A 41-ft-high unbalanced dipole in the forest

(6) A 16-~ft-high unbalanced dipole in the forest
(7) An 8-ft-high unbalanced dipole in the forest

(8) A 2-ft-high unbalanced dipole in the forest.

The first seven of these were measured only at Ban Mun Chit and
the last one (the 2-ft-high unbalanced dipole) was measured at Lodi

(cleared site), and in the forest at Almanor as well as at Ban Mun Chit,

A drawing of the 41-ft-high balanced dipole over a ground
screen is shown in Figure 8, This antenna was supvorted above the ground

screen by a dielectric rope and wooden poles. The ground screen consisted
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FEED-POINT
DETAIL

#*12
COPPER

NORTH HILLS
TRANSFORMER
BALUN
0700 88

100-ft SQUARE

WIRE-MESH
GROUND SCREEN-—" .
/// N RG-8

e

TA-3663-61

FIGURE 8 6-MHz BALANCED DIPOLE ANTENNA

of poultry netting laced togcther with No. 12 copper wire (with approxi-
mately 6 inches of overlap) to form a square ground plane 100 ft on each
side, {This was the only 6-MHz dipole antenna with a ground screen.,)

A North Hills Model 0770-BB balun transformer was used with this antenna
and the other 6-MHz balanced dipoles, This is a ferrite—core transformer,
nominally matching 50 ohms (unbalanced) to 300 ohms (balanced), This
high effective turns ratio was chosen to minimize the VSWR over the entire
band of measurement frequencies, rather than match the resonant (6 MHz)
impedance value to the 50-ohm receiver input at the instrumentation van.
The feed line for this and the other 6-MHz dipole antennas--except the
2-ft-high unbalanced dipole--consisted of 100 ft of RG-58 coaxial cable
from the feed point of the antenna which was then connected to the RG-3

coaxial transmission line that lead to the instrumentation van,
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The other 6-MHz dipole antennas, except the 2-ft~high unbalanced
dipole, were similar to the 4l-ft-high balanced dipole over a ground
screen except that no ground screen was used, the height was varied, and

baluns were not always used.

The 2-ft-high unbalanced dipole antenna was supporied along its
length by four wooden stakes driven into the ground at approximately
20-ft intervals, The transmission line consisted of a 2-ft piece of
RG-58 coaxial 1line with the braid connected to a coupper grounding rod
where it was adapted to RG-~8 coaxial line leading to the instrumentation

van {(see Figure 9) .

/ FEED DETAILS SAME AS 23-f1-HIGH UNBALANCED
DIPOLE, EXCEPT FOR LENGTH OF RG-58 COAXIAL LINE
TA-8663-62

FIGURE 9 2-FOOT-HIGH UNBALANCED DCIPOLE ANTENNA

2. 8-MHz, 23-ft-High Unbalanced Dipole Antenna

The 23-ft-high unbalanced dipole sntenna was measured at Lodi,
in the forest at Almanor, and in the forest at Ban Mun Chit., The ele~
ments of the dipole were 29.2 ft long as shown in Figure 10. The 23~-{t~
RG-58 coaxial line was perpendicular to the antenma and the ground with
the braid connected to a copper rod. RG-8 coaxial line was used from

the ground to the receiver van,
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FIGURE 10  23-FOOT-HIGH UNBALANCED DIPOLE ANTENNA

3. 15-MHz Balanced Dipole Antenna

This antenna was measured at Lodi, in the forest at Almanor,

and in a clearing at Ban Mun Chit, The antenna consisted of two 15.6-ft

elements, 16.4 ft from the ground, The antenna was supported by dielectric

rope from two wooden poles at the edge of the ground screen, The ground
scieen was constructed from poultry netting similar to that used with

the 6-MHz balanced dipole in the clearing, described above; bui in this
case, the ground screen was only 50 ft on each side, 2 North Hills Model
0700-BB balun (300 ohm to 50 ohm) was used with the antenna, RG-58
cozrial line was used for the elevated portion of the feed line, while

RG~8 coaxial line was used for the portion leading to the imstrumentation

van,
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4, Sleeve-Dipole Antennas

Two horizontal sleeve=-dipole antennas were measured--a 5-MHz

sleeve dipole in the forest at Almanor and a 6-MHz sleeve dipole in the

E forest at Ban Mun Chit, The 5-MHz antenna consisted of 46.7 ft of tinned
copper tubular braid over the insulation of RG-8 coaxial line and soldered
to the shield of the coaxial iline at the feed point. The center conduc-

tor of the coaxial line was soldered to 46,7 ft of No, 12 solid copper

T

wire, as shown in Figure 11, The 6-MHz antenna was constructed similarly

except that the braid and the solid copper wire were cut to 38,9 ft,

SRS S

Both antennas were laid in a straight line directly on the ground in the

T

forests, but nc direct connections were made to the ground through

grounding rods.

AR

~

4 5. Jausky-and-Bailey-Type Horizontal Balanced Dipole

E: Three Jansky-and-Bailey (J&B)-type horizontal balanced dipole
é configurations were measured at Ban Mun Chit, These antennas were con-
i structed to duplicate, ns closely as possible, the transmitting antennas
3 usad by J&B for .ropical-forest path-loss measurements near Pak Chong,

Thailand ;23 and they were erected and adjusted at Ban Mun Chit by J&B

personnel .,

A drawing of the J&B-type balanced dipole is shown in Figure

£ 12, The antenna was supported by two telescoping aluminum towers, The
tower sections were 5 ft long; the base section was 8 iunches in diameter,
and the uppermost section was 2 inches in diameter, The height of the
dipole antenna was determined by the number of tower sections extended,

The radiating elements consisted of two 19.5~ft elements with porc=zlain

insulators at the ends, Another 13,5 ft of copper wire was connected to

the insulators, as shown in Figure 12, When the antenna was measured as

a 6-MHz dipole, jumpcrs wore used to connect the two wires together to
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NO. 12 WIRE ELEMENT

SLEEVE OF BRAID OVER RG-8
COAXIAL LINE INSULATION

rd
BRAID
RG—~8 COAXIAL NO. 12 WIRE ELEMENT
LINE - SOLDERED TO COAX
\ CENTER CONDUCTOR

- 3

~N CGAX CENTER
CONDUCTOR

TA-8663-64

FIGURE 11  5-MHz SLEEVE-DIPOLE ANTENNA

form a 39-ft element; and when it was measured as a 12-MHz dipole, the
jumpers were removed so that the elements were only 19,5~ft long. This
procedure was similar to that used at the J&B site at Pak Chong, Thailand,
except that at Pak Chong the towers were approximately 290 ft apart, so

that they also could support a 2-MHz dipole.

The antenna feed line consisted of 72-ohm twin-lead transmission
line from the antenna to a tunable balun on the ground and RG-8 ccaxial
transmission line from the balun to the instrumentation van. This antenna
was measured when tuned for 6-MHz at heights of 40 and 80 ft, and when

adjusted and tune:d for 12 MHz at a height of 40 ft,
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—
:
"
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i MATCHING
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hd
m RG-8 COAXIAL LINE

TA-8663-65

FIGURE 12 J&B-TYPE BALANCED DIPOLE ANTENNAS

B, Monopole Antennis

Several monopct< antennas were measured. Quarter-wavelength mono-
poles ‘iere measured at Lodi and Alinanor and tuned monopoles were measured

at Ban Mun Chit,
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1.. 6-MHz Monopole Antennas

Three 6-MHz monopoles were measured at Ban Mun Chit in the

following lccations:

(1) 1In a clearing
(2) On the edge of the forest

(3) 1In the forest.

The radiating elements of the munopoles were constructed from
one-inch-dizneter copper tubing, 15.6 ft long and capped at both ends.
The ground screens for these antennas were constructed from poultry
netting, laced together with No, 12 copper wire with approximately 6
inches of overlap and then soldered at one-ft intervals, This screen

was cut to form a 50-ft-diameter circle.

The antenna impedances were matched to the 50-ohm RG-8 coaxial
cable at 6-MHz using a passive matching circuit consisting of a North
Hills balun (300 ohm to 50 ohm) in parallel uith the cozxial cable, and
a slug-tuned inductor in series with the radiating elemen: (sees Figure

3.

2, 15-MHz Monupole Antenna

The 15-MHz monopole antenna was measured at Lodi and in the
forest at Almanor. The antenna was constructed to the same dimensions
as the 6-MHz monopole previoucsly described. The ground screen was laced
together but did not require soldering as with the 6-MHz monopoie, This
antenna was fed directly with the RG-8 coaxial line since the antenna vwas

resonant at 15-MHz and no matching circuit was reguired,
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DETAILS OF MATCHING NETWORK USED FOR 6-MHz MONOPOLE

|
|
|
|
|
|
}
l
|

NORTH HILLS ELEMENT

0700 BB BALUN
RG-8

— e et ] e e we one b

|
|
|
(
i
!
1
|
'
[

fin. COPPER TUBING

WIRE MESH GROUND SCREEN

NOTE: COAXIAL FEED LINE
RUNS UNDER GROUND SCREEN
TA-8663-66

FIGURE 13 MONOPOLE ANTENNAS

3. Jansky-and-Bailey-Type Vertical Monopoles

The J&B-iype vertical monopoles measured at Ban Mun Chit dup-
licated these used at Pak Chong, as was done with the J&B-type dipoles

described previously 2¥
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A drawing of the J&B-type vesotical antenna is shown in Figure

14, The vertical element of this antenna was a telescoping aluminum

TELESCOPING VERTICAL ELEMENT

200-11-DIAMETER GROUND SCREEN

L4 »
. TA-8663-67

FIGURE 14 J&B-TYPE VERTICAL ANTENNAS

tower of the same construction as the towers used to support the dipole
antennas, The element was isolated and elevated from the ground with a
"Premax" insulator. The ground screen consisted of thirty-two 100-ft
copper radials connected to a copper grounding rod at the center., Every
fourth radial was No, 12 copper wire, and the remainder were No, 18
copper wire; the circumference of the circle was formed with No, 18
copper wire. Every other radial was terminated with 3-ft-long, 1/4-inch-
diameter bronze welding rod, and the remaining radials were tied to wooden
stakes, A tunable balun transformer was located at the feed point of the
vertical element to match the impedance of the antenna to the 50-ohm

RG-8 coaxial transmission line, The antenna was tuned for 2 and 6 MHz

by adjusting the balun transformer for minimum VSWR (50 ohm reference)

with 80- and 40-ft vertical elements, respectively. The length of the
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vertical element was adjusted to approximately 20 ft to minimize the

VSWR at 12 MHz without using the balun transformer,

C. 2:1 Inverted-L Antennas

Two 2:1 inverted-L antennas were measured, A 6-MHz 2:1 inverted L
was measured in the forest at Ban Mun Chit and an 8-MHz 2:1 inverted L

was measured at Lodi and in the forests at Almanor and Ban Mun Chit,

The total length of the elevated wire for these antennas was 95
percent of three-quarters of a wavelength, The ratio of the horizontal
wire length to the vertical wire length was 2:1, as the name implies,
The horizontal elements were suspended by wooden poles, The vertical
elements of these antennas were suspended between their connection with
the horizontal elements and their feed points on the ground, thus de-
termining the height above ground of the horizontal elements., The an-
tenna transmissicn lines were RG-8 coaxial lines
to copper grounding rods at the feed points. The dimensions of these

antennas are given in Figure 15,

D. 5:1 Inverted-L Antennas

Two 5:1 inverted-L antennas were measured, A 6-MHz inverted L was

measured in the forest at Ban Mun Chit and a 10-MHz 5:1 inverted L was

measured at Lodi and in the forests at Almanor and Ban Mun Chit., The
construction of these antennas was the same as that of the 2:1 inverted-
L antennas, except that the ratio of the wire lengths was 5:1 in this

case. The dimensions of these antennas also are given in Figure i5.

E. 30° Slant-Wire Antennas

The 30° slant-wire antennas were designed to resonate at 4 MHz and

6 MHz, The 4-MHz antenna was measured at Lodi and in the forests at
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C 0. 12 COPPER WIRE

RG-8 h /

FEED-POINT
DETAIL

¢
///
~
DESIGN ¥} h
FREQUENCY] RATIO

MHZ {ft) (ft)

6 2:1 77.6 | 38.8

8 2:1 58.4 | 29.2

6 5:1 97.0 194

10 5:1 58.4 1 4

TA-8663-68

FIGURE 15 INVERTED-L ANTENNAS

Almanor and Ban Mun Chit, The 6-MHz antenna was m . sured only at Ban

Mun Chit,

These antennas consicsted of elevated radiators scaled for 95 percent
of one-quarter wavelength, The counterpoises were located 135 in azimuth
from the horizontal projection of the eievated radiators and were laid
directly on the ground. The remote ends of the counterpoise wires were
clamped to copper grounding rods. The transmission lines consisted of

RG-8 coaxial cable, with the shield grounded at a distance equal to the
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length of the counterpoise wire in order to define the other leg of the

counterpoise as indicated in Figure 16,

\ QG-B

\
COUNTERPOISE :
FROM
FEED-POINT TO
41"; 18" COPPER
OUTSIDE OF GROUND RODS
SHIELD GROUNDED —— L
/
NO' /
,/”x
ELEVATED WIRE ! L
#i2 COPPER - \
/
_ FEED-POINT
DETAIL
DESIGN | ELEVATED | COUNTER- P
FREQUENCY| WIRE POISE A -
MHz (1) (1) =
-~
4 58.4 25
6 38.9 25
TA-8663-69

FIGURE 16 30° SLANT-WIRE ANTENNAS

F. 60° Slant-Wire Antenna

Thz 60° slant-wire antenna was measured only at Lodi. This antenna
was similar to the 30° slant wirc antennas except that the elevated wire
was 46.7 ft long (one quarter wavelength at 5 MHz) and elevated to an

angle of 60° instead of 30°, The length of the counterpoise remained at

25 ft,
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G. Loop fAntennas

Two vertical-plane loop antennas were measured at Ban Mun Chit--one

situated in the clearing and one in the forest. These square loops con-

LR O AN LR W R VT e R KA

sisted of a single turn of No. 12 copper wire, 15 ft on a side, supported

by wooden poles., The feed lines consisted of 50 ft of RG-58 coaxial
cable connected to the loops through North Hills Model BB-1100 baluns

(75 ohm to 75 ohm), as shown in Figure 17,

M AD N
Mttt

%,’
'ag
3 15t
:
é
%
15 ft

NORTH HILLS
MODEL 11008BB
TRANSFORMER BALUN

e
[ ] -
511 e 50 tt OF RG-58
e
l//

/ TA-8663-70

FIGURE 17 LOOP ANTENNAS
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H, Long-Wire Antenna

The 6-MHz long-wire antenna measured in the forest at Ban Mun Chit
consisted of 38.9 ft of No, 12 copper wire soldered to the center con-
ductor of 75 ft of RG-174 coaxial cable, with the braid of the coaxial
cable left open-circuited at this point., The center of the antenna was

supportied over a tree branch, as shown in Figure 18,

FEED-POINT DETAIL

TA-8663-71

FIGURE 18 LONG-WIRE ANTENNAS
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A. Dipole Antennas

Three dipole antennas were measured at the three sites considered
in this section: the 6-MHz 2-~ft-high unbalanced dipole, the 8-~MHz 23~
ft-high unbalanced dipole, and the 15-MHz balanced dipole. These an-

tennas were described in Sec., IV-A,

Although one would expect the patterns from the measurements ¢f the
2-ft-high unbalanced dipole to be more characteristic of a dipole antenna
when the antenna was measured at Lodi, both the Ee and E° patterns from
this antenna were better (i.e., more symmetrical and having better formed
lobes) when the antenna was measured at Ban Mun Chit (see Figures A-l
through A-8). The Ee patterns were regular (as one wculd expect for a
dipole) at all three sites, and exhibited only minor changes from site
to site, whereas the Eo patterns were regular only at Ban Mun Chit and
exhibited significant changes at the other sites. Selecting the azimuth
sector at each site with the better formed E | lobe, it can be observed
from the patterns for Lodi (270° azimuth) anc¢ Ban Mun Chit (both 90° and
270° azimuth) that the decrease in relative directivity with decreasing
elevation (roll-off or roll-under) was about the same, except at the
small elevation angles where the rcll-off was less for the forested site.
At the Almanor forest site (lobe toward 90° azimuth) the roll~off was
more rapid than at either Lodi or Ban Mun Chit for all elevation angles.
The power patterns show that the antenna produced a pattern that was
almost omnidirectional and most of the power was directed toward the
zenith at both foiested sites. By comparing the 3-dB and 6-dB contours
for those two patterns, it can be seen that E° was the dominant golariza-~

tion above 50° at Almanor, whereas E_, was the dominant polarization at

0
Ban Mun Chit. At the lower elevation angles, the power response ol this
antenna was slightly more omnidirectional at Ban Mun Chit than at

Almanor, and the power directivity (relative to the antenna maximum) at

low elevation angles (below about 20°) was less at Almenor.
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V COMPARISON OF MEASURED ANTENNA PATTERNS OVER OPEN, FLAT TERRAIN,
IN A U.S. PINE FOREST, AND IN A THAI TROPICAL FOREST

A summary of the antenna radiation pattern data available from the
three measurement sites--Lodi (open, flat terrain),® Almanor (U.S. conifer
forest),a and Ban Mun Chit (Thailand tropical fovest)® was presented in
Table I. Primarily, the data measured at the design frequency of the
antennas are discussed in the following sections and the patterns are
presented in Appendix A of this report. Measurement data for other fre-
quencies can be found in the reports describing the measurements at the

individual sites.

The pattern-measurement technique does not readily provide sbsolute
gains and the radiated power from the Xeledop was not determined {the
transmitters in the Xeledop were either replaced or retuned between
sites). Consequently, the relative gains of these antennas cannot be
compared among sites by using only the data from the pattern measurenents.
Therefore, only the effects of the forests on the directivity patterns of
these antennas ave discussed in i1his section {see Sec. X for data on

reictive antenna gains and estimates of absolute gains).

In the discussion that follows, the patterns for the two polariza-
tion components, E& {vertical polarization) and E® {horizontal polariza~
tion) are discussed first, {ollowed by a discussion of the power psiterns.
The techniques fox weasuring the power patterns were not developed until
after the measurements at Lodi were completed. Therefore, only the
power patterns for the antennas at Almanor and Ban Mun Chit are availe

able fox comparison.
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A, Dipole Antennas

Three dipole antennas were measured at the three sites considered
in this section: the 6-MHz 2-ft~high unbalanced dipole, the 8-MHz 23
ft-high unbalanced dipole, and the 15~-MHz balanced dipole, These an-

tennas were described in Sec. IV=A.

Although one would expect the patterns from the measurements of the
2-ft-high unbalanced dipole to be more characteristic of a dipole antenna

when the antenna was measured at lodi, both the E, and E° patterns from

6
this antenna were better (i.e., more symmetrical and having better formed
lobes) when the altenna was measured at Ban Mun Chit (see Figures A-1

tirough A-8). The E, patterns were regular (as one would expect for a

0
dipele) at all three sites, and exhibited only minor changes from site

to site, whereas the E@ patterns were regular only at Ban Mun Chit and
exhihited significant changes at the other sites. Selecting the azimuth
sector at each site with the better formed -, lobe, it can be observed
from the patterns for Lodi (270° azimuth) and Ban Mun Chit (both 90° and
270° azimuth) that the decrease in relative directivity with decreasing
elevation (roll-off or roll-under) was about the same, except at the
small elevation angles where the roll-off was less for the forested site.
At the Almanor forest site (lobe toward 90° azimuth) the roll-off was
more rapid than at either Lodi or Ban Mun Chit for all c¢levation angles.
The power patterns show that the anteinna produced a pattern that was
almost omnidirectional and most of the power wag directed toward the
zenith at Loth forested sites, By comparing the 3~dB and 6-dB contours
for tuose two patterns, it can he seen that Eo was the dominant polariza-

tion above 50° at Almanor, whereas E_ was the dominant polarization at

0
Ban Mun Chit. At the lower elevation angles, ths power response of this
antennas was slightly more omnidirectional at Ban Mum Chit than at
Almanor, and the power directivity (relative to the antenns maximum) at

low sievation angles (below about 20°) was less at Almanor.
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Both the Ee and EQ response of the 8-MHz 23-ft-~high unbalanced
dipole indicate only slight changes (with the greater change in the Eo
patterns) when the antenna was moved from the open site at Lodi to the
forested site at Almanor, but the data that are available from Ban Mun
Chit indicated that the pattern was less well formed at this tropical
forest site (see Figures A-9 through A-16), The pattern did not roll
under as much as lLodi when the antenna was located at either of the
forested sites. The power pattern data are limited for this antenna at
Ban Mun Chit, but the available power patterns indicate that the response
is similar at the two forested sites--~the EQ response deminates and the

power is directed toward the zenith and broadside to the horizontal

elements of the antenna.

Only the patterns of the Eo response of the 15-MHz halsnced dipole
antenna are presented here since only this responze was measured at all
three sites (see Figures A-17 through A-19). Before comparing the pat-

terns for the three sites, a few comments should be made regarding the

ot

placement of this antenna at each site-~the exact location of this an-
tenna can be observed on the site maps presented in the measarement
repcrts,2-% At Lodi, the antenna was located iu a freshly ploughed
field--i.e., the optimum situatioun to simulate ideal conditions. At
Almanor, the antenna was located in .. clzaring approximately 75 ft in
diameter within the pine forest. There was a large clearing wherc the
reasurement equipment was locatied about 300 ft from the antenna in a
direction of 270° from the axis of the antenna. At Ban Mun Crit, the
forest was appreximately 200 ft from the antenna at about 90° from the
axis of the antenna. The pattern data show thiat the symmecry and smooth-
ness of the Jobes of the patterns degenerated as the antenna wus moved
from Lodi to Almunor and again from Almanor to Baa Mun Chit. The iobe
is lower at Almanor in the direction toward the clearing and iz again

higher in the direction toward the forest at Ban Mun Chit. The pattern
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at Ban Mun Chit shows some irregularity, such as splitting cof the lobe,
which possibly may be due to the tapioca growing in the cleared area

beyond the antenna ground screen.

B. Moncpole Antennas

The moncpole antenna was basically a 15-MHz quarter~wavelength
monopole as described in Sec. IV-B. The matching network used with this
antenna when it was measured at Ban Mun Chit improved the efficiency at
6 MHz but should not have affec >d the directivity pattern of the anteinna.
Thercfore, it is reasonable io compare the patterns of this antenna

measured on 6 MHz at the three sites.

A comparison of the Ee regponse of this antenna at 6 MHz at the
three sites is showa in Figure A~29. The elevation angle of the maximum
response of this aintenna increased when the ante na was located in the
forest at Almanovr, but it remained relatively omnidire.tional. Thz pat-
tern broadened in elevation and became slightly less omnidirecticmal

when measured ix the tropicai Yorest at Ban Mun Chit.

At 8 MHz, perturbations occurrad in the pattern of this untenna
when it was measured at Almanor (Figure A-23), whereas il remained rela-
tively omnidirectional at Loui (Figure A-21) and Ban Mun Chit (Figura
A-25). The perturbations in the pattern of the antenna ai Almanor cc-
curred thrcugh 15 MHz (sue Figure A-~24) but it remained omnidirectiomnal
through 15 MHz when it was measured at lLoudi (see Figure A-22). (No
maasurements were performed at 15 MHz at Ban Mun Chit.) The pattern
oreax-up at Almunor at & MHz, but not at Ban Mun Chii, can possibly be
explained by the fact tha* the tree tiunks were about half as far opart
at Bun Mun Chit. Although there weie nu measursments performest on the
monopoles 2t Ban Mun Chit above ¢ M2, except VHF data®® which erhibtit

fairly extreme break-up of tne patterns, it anpears reasonable to assume

48

e e s

LV —




UG E 1T A TR TR 3 (P T DR AN R T AR A e U R R T R AR A

[,

the pattern would start to break up at approximately 16 MHz, assuming

this criteria is dependent primarily upon the tree spacing.

C. Inverted-L Antennas

Two configurations of the inverted-L antenna were measured--an 8-MHz
2:1 inverted L and a 10-MHz 5:1 inverted L~-at Lodi and in the forests
at Almanor and Ban Mun Chit. The patterns from these two antennas are

presented in Figures A-26 through A-39.

The patterns of the Ee response cf the 8-MHz 2:1 inverted L generally
resembled those of a dipole antenna: the maximum response was off the
ends of the horizontal eievated wire and at the higher elevation angles.
The pattern resembled a dipole even more when it was located at the
forested sites. The E0 patterns of this antenna also resembled those of
a dipole anterna, with the maximum response being broadside and upward
from the elevated horizontal element. The roil-off of the Eo response
was significantly more rapid at the forested sites--with the least roll-
off at the more densely forested site (Ban Mun Chit). The power patterns
for this antenna are again essentially similar to those of a dipole an-

tenna, with mosi of the power directed upward.

Although the patterns of the 10-MHz 5:1 inverted L were measured at
lodi, the data from these measurements have beer. omitted from this report
. ause their validity is questionable. The Eg patterns for the 10-MHz
5:1 inverted-L antenna in-iicate the antenna has a fairly strong vertically
polarized component off the feed end (the end with the vertical element,
that is often considered the back of the antenna). Some pattern pertur-
bations can be observed in the Ee patterns for the antenna at Almanor.

At Ban Mun cChit, the Ee pattern has a lobe above 40° elevation off the
end of the L but this did not occur at Almanor. The Ee response of this

antenna resembles a dipole antenna and the power patterns for this
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antenna indicnte that the maximum radiation of this antenna is toward

the zenith and toward the end with the vertical elements.

Generally, the inverted L should be used as a dipole antenna for
skywave propagation-~-i.e., broadside. For ground-wave propagation, the
antennas should be situated with the vertical element on the end toward
the desired direction of propagation25 (this siting criterion has more

effect on the operation of the 5:1 inverted L than on the 2:1 inverted L).

D. 30° Slant=-Wire Antennas

he 4-MHz 30° slant-wire antenna was measured at Lodi and in the
forests at Almanor and Ban Mun Chit (see rigures A-40 through A-47).
The Ee response of this antenna was almost omnidirectional at Lodi, with
the strongest directivity in the direction of the counterpoise--actually
the Jobe is slightly right of center (toward the counterpoise element
formed by the braid of the coaxial transmission line). When measured
in the two forested sites, the Ee response was less omnidirectional and
the lobe in the direction of the counterpoise became more distinct.
The E° patterns for the antenna roughly resemble those of a dipole an-

tenna bvt the power patterns show that the maximum response is bhetween

36° and 60° elevation 2nd in the direction of the counterpoise,

The measurements show that, contrary to popular beiief, the 30°
slant-wire antcnna shoiild be located so that the elevoted element points
away from the desired direction of propagation with the counterpoise

pointing in the direction of dosired propagation.25
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VI EFFECT OF ROUGH TERRAIN ON ANTENNA RADIATION PATTERNS

During April 1967, exploratory measurements were perforred under
Contract DAHC07-67-C-0144 to investigate the effect of rough terrain on
the radiation patterns of simple HF field-expedient antennas.” Several
of these antennas were identical or quite similar to those measured under
Contract DA 36-039 AMC~00040(E) and because of the common nature of the
measurement programs and their relation to communications in tactical
environments, selected examples of the data from those measurements are

presented in Appendix B of this report.

The measurements were conducted in the hills near Livermore, Cali-
fornia. These hills rise quite rapidly to an elevation of nearly 2,000
ft from a surrounding low, flat, bay plateau region with an elevation
of approximately 600 ft. The terrain is rough and varied, providing
several possible antenna sites such as hilltops, slopes, and deep
gullies. The hills are covered with grass and scattered low trees, and
there are occasional outcropping of rock. Figures 19 and 20 show some
of the prominent terrain features of the area. The soil is what is
commonly referred to as "adobe" and was quite moist at the time of the
pattern measurements. Electrical ground constants were not measured at
this site.

The measured antennas were located on the top of a ridge approxi-

mately 150 to 200 ft wide and on the side of a hill as shown in Figure 20.

The antenra measurement procedures were similar to those used for
the tests performed under Contract DA 36-039 AMC-00040(E) except that
the data were recorded digitally on magnetic tape (thus eliminating the

necessity of hand-scaling the data). The data were presented in the
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form of contour plots, but the plotting techniques were slightly modified.
The contouring program usnd a low~density grid (as was used for the power
patterns in Ref. 4~-see zlso Sec. III-E in this report). The plots were
produced on a Control Data Corporation (CDC) 280 cathode ray tube (CRT)
on-line display used with the CDC Model 3200 computer. The CRT was photo-
graraed with a 35-mm camera internal to the CDC 280 and the resulting
contour plots were not of as high quality as those produced with the

Cal Comp plotter. They are considerably less expensive, however, and
still quite legible. Selected examples ¢f these patterns are presented

at the end of this report in Appendix B.

Two half-wave unbalanced dipoles were measured. Both antennas were
similar to the 6~MHz unbalanced dipole antennas described in Sec, IV-A-1--
the 6-MHz dipole was 40 ft above the ground and the 15-MHz dipole was
16.4 ft above the ground (no ground screen was useéd). The measured data
from the 6~MHz dipole are shown in Figures B-1 through B-4, In Figures
B-1 and B~2 it can be seen that although the dipole was parallel to the
ridge, it was not located exactly in the center of the hilltop--i.e.,
the hill sloped dcwnward more toward 90° tham it did toward 270°. When
the dipole was moved down the hill, the contour plots shown in Figures
B-3 and B-4 were measured (the hill sloped dovm toward 90° azimuth and
the antenna was maintained parallel to the hillside). Data for similar

situations for the 15-MHz dipole are shown in Figures B-5 through B-8.

The patterns of the dipole antennas located on the hilltop were
similar to those of the dipole antennas at Lodi (except for the dislo-
cation of the lobes due to the antenna not being at the crest of the
ridge). But when the antennas were moved down the slope, the relative
directivity of the E° patterns increased at the lower elevation angles

in the direction away from the hilltop and the lobes of the E, response

]
rotated in azimuth away from the hilltop.
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A 30-MHz monopole was constructed from ocne~inch~diameter aluminum

tubing cut to 7.8 ft (95 percent of a quarter wavelength at 30 MHz). The

ground system consisted of eight 50-ft radials elevated 18 inches above

the ground. The Ee patterns of this antenna measured on the hilltop and

on the slope are shown in Figures B~9 and B-10. When the antenna was

located on the slope, the element remained vertical (e.g., not perpen-

dicular to the slope of the hill) and the hill sloped downward toward

270°. The pattern data show that the maximum directivity of the antennas

occurs at lower elevation angles and is concentrated in the direction

away from the hilltop when the antenna was on the hillside. The relative

gain data presented in Reference 5 also showed the maximum observed sig-
nal was 3.2 dB higher when the antenna was located on the hillside than
when it was on the hilltop.

The 4-MHz 30° slant-wire antenna measured at Livermore was identical

to the one used at Lodi, Almanor, and Ban Mun Chit (describked in Section

IV-E). The Ee (vertical polarization) response of this antenna was al-

most omnidirectional when it was located on the hilltop--with a slight
increase in directivity in the direction of the counterpoise (see Figure
B-11), as at Lodi, but the E0 directivity was primarily toward 90°

azimuth (see Figure B-12) because the antenna was located toward the

right side of the ridge of the hill. When the artenna was moved down

the hill the directivity patterns were quite irregular, but genera:ly

the strongest Ee and E° responses were observed on the down-hill s de of

the antenna (270°) as can be seen in Figures B-13 and B-14.

These measurements in California hills, while clearly not exhaustive,

give some indication of the pattern distortions to be expected in ir-

regular terrain. From the patterns presented here, it appears that a

preliminary conclusion can be extracted from this data. A dipole an-

tenna should be used on a hillside instead of a slant wire (even though

the slant wire is easier to erect) since the pattern of the dipole is

more predictable under these circumstances.
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VII COMPUTER MODELING OF ANTENNA RADIATION PATTERNS

The computer program developed under this contract to predict the

expected radiation patterns of dipole antennas imusersed in a forest® is

described in this section. The model assumes that the forest is an

idealized lossy dielectric slat and the antenna is a Hertzian dipole.

A. The Model of the Forest

The model approximates the forest as a multi-layer dielectric sand-

wich. The uppermost region is the space above the forest, characterized
by ero and uro’ the relative permittivity and permeability of free space.

The i layers below this region are layers of forest (i = 1) and ground
(i

2) characterized by their complex refractive indecision where

n_ = ¢ _, where the respective relative complex dielectric constants,
i ri

€ ., are given:
ri
I3 R

ri ri ri

Alternatively, the relative complex dielectric constant can be

written

e =¢€¢'-3j60c.A
Iri r 10

or

e . .=¢€¢'_@1-356)
ri 3

ri ’

where the loss tangent, 5i’ is defined by

[

O
i O
i €. @E € ?
ri ¢ ri
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and o, is the conductivity (MKS units), ko is the free space wavelength
at radian frequency w, and eo is the permittivity of free space. Each

region is assumed to be homogeneous and to possess the magnetic permea-

bility of free space (uo).

The model originally was developed as a 3-layer model and later
modified so that a total of 25 layers could be defined if required to

Y PR PR TREAT STS ST

approximate -the profiles of complex dielectric constant of forest and

¥

ground. Because of limited measured data available from the open-wire

UESEA LA

transmission line measurements (we do not have profiles of e/ and § for

Paten

forest or ground), the forest and the ground were approximated as two

GrARTAAN

individual layers, as shown in Figure 21, for the purposes c¢f this report.
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FIGURE 21 IDEALIZED LOSSY DIELECTRIC SLAB MODEL
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It will be shown that this three-layer model, although simple,
represents the forest quite well in the frequency range of 2 to 10 MHz,

and its simplicity permits a reasonably rigorous analysis. The assgump-

tion of a flat surface on the top is justifiable when one considers that

the surface roughness is small compared to the wavelength. The assump~

tions of homogeneity and isotropy in the vertical direction are harder
to justify. It is probable that a multilayered slab or a layer with a
tapered dielectric constant, lower at the top than at the bottom, would

be a better approximation to the forest at Ban Mun Chit. Also, the ef~-

fective conductivity for vertical polarization probably is greater than

the effective conductivity for horizontal polarization.

B. Analysis

A thorough discussion of the model was presented in Reference 6
and is repeated here in part for the convenience of the reader. Consider
a short electric dipole in the forest (see Figure 21) that is receiving
a signal from a point source located in the air layer and iyar enough
away to be in the far field* of the receiving antenna. For an elec-

trically short dipole without end loading, the open circuit voltage at

the antenna terminals is the product of one~half the antenna length and

*For far-zone approximations to be valid, the transmitting anteina must
be far enough away from the receiving antenna so that the wavefront
across the aperture ic approximately nlane. If, for example, it is

assumed that the effective aperture is a region about four wavelengths

in diameter (Da) centered at the receiving antenna element, and if the
usual far-zone criterion,

2
r22p /A
a

2

is used, then the transmitting antenna must be at least 4.8 km or ap~

proximately 3.0 miles away at a frequency of 2 MiHz, Actually, pattern
measurements in forests at several slant ranges have shown this distance
to be more than sufficient at HF,
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the component of slectric field at the antenna which is in the dirsction

of the antenna axis. But the open~circuit voitage of & receiving an-

tenna is defined by the vector dot product

vV =h(8, ¢) - E(C, &)
Qc

wheve E(e, ¥) is the eleciric field incident upon the air~forest inter-

face; and 5(9, ¢) is the vector effective length®® of the slab-antenna

combination. Hence, we can find 5(9, %) from the field in the dielectric
and the physical length and orientation of the antenna, and the problem
of finding the antenna patterns applicable to the air-to-ground (or
skywave) case has been reduced to that of finding the electric field

within the dielectric layer representing the forest for various positions

of the far-field point source. The computed radiatioit patterns given in

this report are the ratio of i 5 ! to tne physical half-lerngth <i the
dipoie with no end loading.

Using the coordinates showi in i"igure 22 we {ind that tne pattern

of a horizontal dipole ir tb¢ plane perpendicular *o tie dipole is given

by the electric field, Elz’ cr EQ of a wsve polsrized uormal (¢ the

plane of incidence.

For a wave pelarized in the plsune of incidencs,
E

ix (or ES) is the pattern of a horiconzal dif:ple in the plape of the

)

dipole, and Ely iz the EQ pattoxn nf 2z vertical dipole ip the plzne of

the dipole.

For botit polarizationc the propagation coistants in Regiono 1

(forest) and 2 (ground) are -afined:

= O 4
Y, \ JB)

>

A -

*
See Section VII-C for the relacienshiy betws2n the calculated putterns

and the E and Eg neasurement data.
¢

Y




O T R R o R s T R A A R A 2 A T AT TR WA -
E

8 Z INTO PAGE
REGION O, AIR
€.0° i !
;‘LTO:' y:o
) *y
REGION i, FOREST b
€€, Li-i8)
I"'I'l: :
zh
y=hy
i
REGION 2, GROUND
€2 €211-i82)
,‘Lt'o : E -
vy
TA-8663-75

FIGURE 22 COORDINATES AND NUMENCLATYRE FOR DIELECTRIC SLAB
and

= o + jB
Yo = %y T I8,

3

and they mnst satisfy the equations

2 + ¢ kz sin26 0
K - K =
\’1 1 0
and

2+1’2 k2126 0
Yo Tl = Ky 810§ =

as a consequence of the fact that the vectors E and H are soluvtions of

the wave equation,

The real ordé imaginary parts of ¥ for Rogion I er» given, then, by
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1/2 [;51n 6 erl) + (erl sin' 9) + (srlél)

1

4

€ ¢

rl 1

amr—————— x 0

zal s for 1 #

Bl—

I ‘ 2 _

‘erl - sin § s for « = 0 .

In Region 2, dz and B_ are obtained from the same equations, with e;l
LS

and 61 replaced by e; and 62, respectively.

2
The resulting field patterns for short horizontal electric Jdipoles

in Region 1 (forest) are of the form given below:°

(1) Horizontal dipole-~in plane normal to dipcle:

Fl(e) = |5, | (for polarizaticn normal tn
the plane of incidence) .
Thus
Ylh ~Y_h
2cosd [We * 2 -we a
F. (8} = .
/ Y. h -Y h / Y h =Y h
[
IC W e 11 + We 1 + j cosb y W e L. Ve b
1 \"1 ]
where
W =C +¢C
1 2 1
Ww =C ~C
2 2 1
C =
1 Y1
and
C = .
2 Y2

62




(2) Horizcntal dipole~-in plane or dipnle:

F_(8) = lr;lxi

{for polarizaticn in plane
of incidence)

-

Hence
“Ylh
2 cosd [ {¥e frwe -2
F (8) 1 2 o
Yyt AP S PLY Ve ’
c.ivw.e + w + j cosé ‘W e ~We
01 \ S 2
where
1 C2 + C
W =C ~-¢C
2 2 1
Y
o -k
* rl
and
YZ
C9 = ;-“ .
- r2

C. Radiation Patierns

Once FL(B) and FZ(G) sre determined, the functions E_(8, ©) anc
Ee(e, ®) can be found by using the relationsnip:

*
Ec(e, o) = FI(G, ®) = FI(E) sin® 0° ~ ¢ £ 480°

Note that 6 rep-esents the zenith angle for the calculated patterns,
but the meisuved data arz displayed with © representing the «levatiown
angle. There 18 7350 a slignt discrepancy between t:e measured and
caiculated eleVgtion angle-~-this angle is referenced to the top of the
furest slab for fhe caiculated patierns (see Figure 22) but ig refer~

eiiced to the ground for the measured patterns--but this aiscrepancy is
assumed to be relatively insignuificant.
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and

*
Egi8, ©) =F (8, 9) = F_(8) coso -90° < 0 < 490°

where

<D
1}

Zenith angle (90° elevation angle)

©
n

Azimuth angle relative to the dipole axis.

Fl(G) is the pattern of a horizontal dipole in the plane normal to the
dipole, and Fl(ﬁ, %) would be the EQ response at any desired azimuth
and zenitlk angle. Fé(e) is tne pattern of a horizontal dipole in the

plane of the dipole, and Fz(e, ¢) would be the E, response at any de-

]
sired azimuth and zeniih angle. In both cases the patterns are normal-
ized so that F is ihe ratio of the effective length of the antenra to

the physical half liength.

A program was developed to provide contours of ithe calculated ra-
diation patterns. This program determines at what zenith angle the -3,
-6, -9, and -12 d3 (reiative to the maximum value of F) contours inter-
sect a given elevation angle. The resulting contours of constant F can
then be ploited to provide a contour map of computed relative signhal

strength similar to those produced from the measured data.

%
See note on precious page.
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VIII EFFECT OF FOREST AND GROUND ELECTRICAL CONSTANVS
CN COMPUTED ANTENNA RADIATICON PATTERNS

There are many factors that affect the radiation pattern of an ele-
mentary dipole antenna placed in a forest. Some of thesy factors cannot
be accounted for in the present model (e.g., calculations of and correc-
tions for the inhomogeneity and anisotropy of the layers), and among those
factors .hat are ingut parameters of the model, it is nct feasible to
compute radiation patterns for all parameter combinaticns of interest,
Therefore, the results shown here were obtained by choosing typical values
of each model parameter and then varying them, one at a time, arocund

this value, The parameters considered are:

(1) Antenna height (wavelengths)

(2) Relative dielectric cornstant of the forest (real part)
{3) _Loss tangent of the forest

(4) Forest height (wavelengths)

(5) Relative dielectric constant of the earth (real part)

(6) Loss tangent of the earth,

A, Effect of Antenna Height

The most significant of the parameters considered here is the height
of the antenna above ground, It affects both the effective length of
the 2nt nra and the input resistasce, and, therefore, changes the gzin
function quite drast.cally. It is aisc oune of the few factors that can

be readily controlled in the field.

Figure 23 presents polar plots of F1(9) and F2(e) with antenna
height in wavelengths as a parameter, Figure 23(a) is for the case of

ne forest; Figure 23(b) is for an antenna in 2 dense forest, To shasize
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the importance of raising the antenna above the ground, the same data

are presented in a different way in Figures 24 and 25, Here F, the field-
imaging function, is plotted as a function of antenna height for tiwe
specific angles, one at the zenith and one very near the horizon. Although
it is not easy to see from these figures, the antenna height determines
whether the stronger radiation is off the ends of the elements or bruad-
side to the elements. Radiation off the ends predominates at very low
antenna heights. It should be noted that the effects of antenrz height

upon antenna impedance are not included in Figures 23 through 25,

B. Effect of the Dielectric Constant of th¢ Forest

Figure 26 shows the effect of the denseness of the vegetztion on

the radiation toward the zenith and horizon, The values of F1 and F

are plutted as a function of the dielectric constant of the forest,

2

Curves are plotted for two widely different values of ground constants,
As would be expected, the radiation near the zenith is very little af-
fected, The low-ongle radiation is changed quite appreciably, however,
with the vertically polarized wave nears the ends of the antenna being
decreased as 2 dielectric ccnstant increases and the horizontally
polarized wave broadside to the dipolie being greater than that with no

forest.

Figures 27 and 28 show the effect of the dielectric constant on the
radiation patterns for the sectors of the patterns broadside and off the

enlds of the elements of the dipole.

Figures 29 +*hrough 31 show the ef{fect of the dielectric constant of
the forest on the radiation toward the zenith and horizon for three dif-
ferent antenna heights., Again it can be seen that the dielectric constant
of the forest has little effect on the radiation toward the zenith but

hzs considerable effect on the radiation toward the horizon.
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C. Effect of the Loss Tangent of the Forest

In Figure 32 the variation of Fl and F2 for both high-angle and low-

angle radiation is plotted as a function of the loss tangent of the

forest, The effect of this parameter appears to be almost negligible,
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FIGURE 32 EFFECTIVE ANTENNA LENGTH AT ZENITH AND HORIZON AS A FUNCTION
OF LOSS TANGENT OF FOREST

D, Effect of the Forest Height

Figure 33 shows the effect of forest height (in wavelengths) on the
patterns, As in the case of the dielectric conctant of the forest, the
high~angle radiation is affected only slightly, while the low-angle
radiation is affected rather markedly, The vertically polarized sigaal
aear the ends of the dipole decreases as forest height increases, while
the horizontally polarized signal broadside to the antenna increases with

forest neight,
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E, Effect of Ground Constants

Figures 34 through 38 show the effect of ground constants on the
patterns, Neither the effect of the dielectric constant nor that of
the loss tangent is very marked and thk2 affect lessened as the anterna
height, ha’ increases. Note here that F1 and F2 vary with the same trend

as the dielectric constant when it is changed, in contrast to the effect

of the forest parameters,
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IX COMPARISON OF CALCULATED AND MEASURED PATTERNS

The computer program described in Section VII was used to calculate
the expected radiation petterns of selected dipole antennas measured at
Lodi, Almanor, and Ban Mun Chit. The ground and foliage electrical
corstants (g and er) were estimated for the computations of the Lodi and
Almanor pat:erus and the values measured with the open-wire transmission

line probe at Ban Mun Chit were used to predict the patterns at that

site.

A, Conparison with Pattern Data from Lodi and alagno:

Example computations were performed previously and compared with

the measured di:ta at Lodi and Almanor to test the applicability of the

model,€,27

Figures 39 and 40 show z comparison of the measured and computed
radiation patterns of the 8-MHz horizontal dipole 23 ft above ground.
The measured values were taken from measurements performed zt Lodi and
Almanor. Figure 39(a) is for the antenna at Lodi and Figure 39(b) is
for the antenna in the forest at Almanor. The foliage electrical con-
stants used for the application of the model of the antenna at Almanor
were estimated from experimental measurements made in a similar conifer
fores?. in the state of Washington.” Figure 40 is a composite of Figures
39(a) and 39(b). Of particular significance are the crossover of the
(directivity) functions F1 {rrx the open field (solid curve in Figure
40) to the forest (dashed curve) case and the similar behavior of the

measured values. Note ulso that at low elevation angles, the directivity
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pattern in both planes was enhanced when the antenna was immersed in

the forest, as predicted by the model.
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FIGURE 40 COMPARISON OF MEASURED AND CALCULATED EFFECTIVE ANTENNA
LENGTHS FOR DIPOLE IN FOREST AND IN OPEN

E 3
Relative to the open-field conditions.

85




4
te

b
s

ARRET AR

- .
A2 Bxd ey S ote

Dt Pt i

be vy

PRI
o

B. Comparison with Pattern Data at Ban Mur Chit

The model was used to predict the expected radiation patterns of
the dipole antennas measured at Ban Mun Chit and provide sufficient data
points so that contours of computed signal strength could be drawn on

the contour plots of the measured data.

In order to facilitate comparison of the calculated Ee and E0 pat-
terns, the computed pattern data were normalized to the measured pattern
data. The computed data were normalized by adding (or substracting) a
constant value from the calculated vaiues sc that the lower-elevation
portion of the calculated 3-dB contour would align itself to the esti-
mated mean elevation angle of the lower portion of the 3-dB contour
from the measured data (this was estimated by visual inspection of the
contour plot of the measured data in each case), Physically, this pro-
cedure is similar to adding a constant gain to the antenna through the
use of an amplifier or a loss of gain because of a matching circuit or
impedance mismatch., On the plots cooparing the measured and calculated
data in Appendix C, thc measured data are shown as solid curves and the
computed data are shown as dashed curves. The contours for the computed
data were calculated for 3-dB intervals from -3 dB to -15 dB but in some

cases all contours are not shown on the contour plots.

The ground and foliage electrical constants used in the model ware
based on the measured data presented in Figures 5 and 6. These constants
were ¢ = 15,0, 6 = 0.60 for the ground, and €. = 1,12, 6 = 0.09 for the
forest. These parameters have been defined in Section VII-A. TFor model-
ing purposes the forest height (hf) at Ban Mun Chit was assumed to Le

65 ft. Only 2 percent of the trees at this site exceeded this height.

The calculated and measured patterns of the 6-MHz balanced dipole

in the clearing, over a ground screen, compare reasonably well at the
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design frequency of the antenna although the Ee pattern data compare
slightly better thkan the Ea pattern data as can be seen in Figures C-1
and C-2.

The measured pattern data for the 6~MHz balanced dipole and the

6-MHz unbalanced dipole antenna in the clearing should be quite similar

since these patterns resulted from the same antenna (except for the balun)

measured in the same location. The measur=sd data for the two cases com-

3 LA R R REATR

pare favorably at resonance but the pattern of the unbalanced dipole

becomes distorted at frequencies below resonance--possibly because of

TN

the impedance mismatch betv.:en the antemna and the 50-Q coaxial trans-
mission line causing the transmission line to become an active part of
the antenna. At 3 MHz the computed and measured data compare more
favorably for the balanced dipole than for the unbalanced dipole. The
patterns for the complete hemisphere above the antenna were calculated
for the balanced dipole at 3 MHz (instead of one-half of the pattern

as was done in most cases). At 4 MHz, the computed and measured patterns
become more similar for the respective antennas, and the measured pat-
terns for the balanced and unbalanced dipole antennas alsov become more
similar. Two estimates of the mean value of the elevation angle for

the 3-dB contour for both the Eo pattern at 4 MHz and the Ee pattern at

6 MHz for balanced dipole were used with the rniedel and the results of
these calculations are shown in Figures C-6 and C-7. These plots show
the effect that a small change in the estimated elevation angle of the
3-dB contour (2°) can cause in the elevation angle of the lower contours.
The calculated and measured patterns for the balanced and unbalanced
dipole are similer at 6 MHz. From the results of these two antennas,

it appears that the computer model predicts the patterns of the antennas
reasonably well at the resonant frequency and the correlation between

the calculated and measured results decreases as the frequency is decreased

below the design frequency of the antenna.
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The measured patterns of the 6-MHz balanced dipole antenna 41 ft
above the ground in the forast and the 6-MHz unbalanced dipole antenna
41 ft above the ground in the forest resulted from two antenna configu-
rations (i.e., with and without balun) in the same location, as was the
case witih the balanced and unbalanced dipoles in the clearing. Ideally,
the measured patterns from these two antennas should be siniler. Cal-
culated and measured data are available only for the unbalanced dipole
at 3 MHz, and the measured paitern is quite distorted; thus there is
little similarity between the measured and predicted patterns for this
antenna at 3 MHz as can be seen in Figures C-17 and C-18. At 6 MHz, the
measured patterns for the two antennas are similar for the Eo response
but the Ee response of the unbalanced dipole is distorted. The measured
and computed patterns for the E° response of these antennas are similar
for elevation angles above 10° and in the areas in the pattern maxima.
The least similarity between the calculated and measured patterns occurs

for the unbalanced dipole for both polarizations.

As the height of the 6-Miz unbalanced dipole as decreased to 16,
8, and 2 ft, the discrepancy between the calculated and measured patterus
became worse, but not extreme, as can be seen in Figures C-21 through
C-28. Tke discrepancies usually occur at elevation angles below 20°
elevation, where there is a 3-dB difference between the calculated and
measured results. The worst discrepancy appears on the pattern of the
dipole when it is 2 ft high, but the measured patterii data indicate
that the coaxial feed line was apparently acting as part of the active
antenna circuit and thus forming three lobes at 4 Miz (Figure £-25 in
particular) and this probably also distorts the pattern somewhat at 6

MHz (Figures C-27 and C-28).

The measured and calculated patterns for the Eo response of the

8-MHz, 23-ft-high uabalanced dipole in the forest are reasonably similar,
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whereas the measured Eé pattern is distorted and does not agree with
the calzulated contours. But from the measured patterns of the monopole
at Ban Mun Chit (Figure A-25) it can be seen that the E_ polarization

becomes somewhat scattered at 8 MHz whereas the model apLroximates the
forest s an isotropic slab.
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X ANTENNA GAINS

Relative gains for the measured antennas were presented in the
reports describing the antemna patternu measurements.®:3,% This section
sumaarizes these relative gain data and outlines a method for estimating
the absolute gains of these antennas. The relative gains and the esti-
mated absolute gains of the measured antennas are presented at the end
of Section B of this section (Table 8), but before using this table it
is recommended that the following two sections of this chapter be reviewed

in order to fully understand the data presented in the table.

A. Measured Relative Gains

The term "relative" gain is used in this section to distinguish it
from "absolute’ gain, which is usually derived thecretically and ex-
pressed in decibels above a standard reference level--e.g., an isotropic
radiator. The relative gains of the antemnas provided in this report
are derived from the maximum observed voltage across the 50-ohm inputs
of the receivers used for the pattern measurements--e.g., 0-dB on the
contour plots. The relative gains of the antennas into the 50-ohm
receiver inputs can be calculated by subtraciing the attenuations of
the coaxial antenna feed lines from the maximum observed signals. Such
relative gain valuaes for the antennas were presented in Refs. 2, 3, and
4 and are repeated in Tables 2 through 4 of this report for the con-
venience of the reader. Knowing the relative gains of the antennas into
50-ohm loads and knowing the feedpoint jmpedance of the antennas =zt the
pattern measurement frequency, one can easily calculate the loss due to

the mismatch of antennas to the 50-ohm receiver input and thus derive
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Table 2

RELATIVE VOLTAGE GAINS ACROSS 50-.#HM LOADS AT PATTERN MAXIMA--LODI

&
S
3
£
& Measurement Relative /e
§ Antenna and Frequency Voltage g o
,'f} Design Frequency, Io (Mz) Pslarization (dB) (dB)
%
z 30° Slant wire 2.0 ) -50.1
& +5.7
% (4 ¥hz) . -55.8
I% ; 4.0 ) -28.9 +6.6
4 H ® -35.5
E i 6.0 8 -30.5
£ ! 3 -3s.3 | ™48
£ 2:1 Inverted L 2.6 8 -66.4
g § (8 MHz) 5.0 8 -44.8 +3.4
= H ° -48.2 3.
Z : 8.0 9 -32.6
%ﬁ- f ° -27.5 5.1
: 5:1 Invorted L 4.0 8 -29.6 +5.4
. (10 MHz) ® ~35.0 ‘
6.0 ) -30.3
i
+ o -35.0 .7
: 10.0 8 -26.6
+0.
2 -27.2 6
Unbalanced dipole 50 2] -50.2 +6.0
23 ft high ° -56.2 :
(8 MHz) 8.9 ] -22.1
-0.
[ -21.6 s
15.0 a -20.3
e 2.
° -17.8 5
Unbalanced dipole 2.0 e -54.9
2 ft high 4.0 8 -45.1 0.6
(6 Mz} 3 -45.7 N
6.0 2] -31.8
) -25.8 -6-0
10.0 ) -40.0
[ -35.1 —3.9
Slecve dipole 5.0 L} -34.8 4.7
(5 3z) s —49.5 )
8.0 8 -45.4
~ +2.8
2 ~48.2
Monop:ule 2.0 ] -72.5 -—
(15 MHz) 4.0 8 —-49.8 —_
5.0 2] -61.R8 -
6.0 a -48.1 -—
8.0 ¢ -39.3 -
10.0 a -27.1 -
15.0 8 -10.8 -—
Balanced dipole 4.0 s -53.8 —
(15 Wiz) 5.0 ° -63.0 -
6.0 s -47.8 -
8.9 ¢ ~37.9 -—
10.0 ¢ -28.0 -—
35.0 ° - 9.8 -
—]

NOTE: These relative gains should not be comparcd between sites
or between differeni frequencies at the same site.
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Table 3

REIATIVE VOLTAGE GAINS ACROSS 50-OHM
LOA’S AT PATTERN MAXIMA--ALMANOR

Measurement Relative E /I-:
Antenna and Frequency Voltage e o
Design Frequency (MHz) Polarization | ~(dB) (dB)
30° Slant wire 2 ) -39.7 -
(4 WHz) 4 -] -23.3
49,
® -31.1 8
6 8 -23.1
+2.7
® -25.8
o -
60" Slant wire 5 ) 25.3 +10.8
(5 Wz) ] -36.1
15 -] -13.9
+€.
© -20.0 1
2:1 Inverted L 2.67 8 -23.7
+106.1
(8 Miz) ® -33.8
8 a -11.3
B -9.0 2.3
5:1 Inverted L 10 8 -17.8 -5 1
(10 wiz) 4 -12.7
Unbalanced 2.67 8 -7 g +11.9
dipole ¢ -58.3
23 ft high 5 9 ~36.¢ +8.9
(8 MHz) ° -45.6
8 8 -6.9
~0.
¢ -6.4 5
15 8 -14.6
e ~14.6 0.0
Unbalcaced 2 ) -61.4 -—
dipole 4 [} -40.9 -
2 ft high 6 8 -20.7 +5.6
(6 MHz) [ -26.3
10 ) -23.8
+10.
B -34.3 5
Honopole 2 8 -56.8
(15 Miz) 2.67 8 -56.6
4 e -42.4
5 a -46.8
6 9 -36.4
8 -} ~26.0
10 ) -21.0
15 ) ~12.9
Balanced 2 $ -
dipole 2.67 ° ~62 0
(15 NHz) 3 B -53.7
5 s -52 0
l 6 ¢ ~40.6
8 B -27.8
10 ¢ -24.0
15 e -12.4
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Table 4

RELATIVE VOLTAGE GAINS ACROSS S50-OHM
LOADS AT PATTERN MAXIMA-~BAN MUN CHIT

Measurement Relative 5/
Antenna and Frequency Voltage 9 o
Design Frequency (MHz) Polarization (dB) (dB)
Balanced dipole 3.0 [} -44.2
. 46.5
over ground screen [ -50.7
in clearing 4.0 9 -39.9 0.6
(6 MHz) & -39.3
€.0 ) -26.7%
) -23.4 2.9
8.0 e -25.5
o .20.2 |53
Balanced dipole 3.0 9 ~53.5 2.4
in clearing s -51.1 .
(6 MHZ) 4.0 9 -41.4
® -41.6 0.2
6.0 9 ~26.9
-2.8
s -24.1
8.0 [} -26.5
e —20.7 |78
Unbalanced dipole 30 -] -49.2 +9.2
in clearing ® -58.4 )
2.0 7.
(6 MHz) 9 -47.5 +2.6
® -5C.1
6.0 a -26.2 5.4
° -20.8 e
8.0 e -33.5
® -28.4 5-1
Balanced dipole 6.0 a -57.5 3.0
in foliage ¢ -54.5 .
(6 Wz)
Unbalanced dipole 3.0 ) -56.1 +5.5
in fcliage ® -'.6 :
6 4.0 W7,
(6 Wz} 2] 1 +2.5
8 -49.9
6.0 8 ~20.3
¢ 238 |33
8.0 ) -34.6
s -28.3 |83
Urnbalanced dipole 6.0 -] ~26.7 a6
in foliage N ¢ -23.1 :
16 ft high (6 Miz)
Unbalanced dipole 6.0 8 -26.5 +1.0
in foliage s -27.5 ’
R ft aigh (6 MH2)
Unbalanced dipole 4.0 9 -55.1 0.0
2 ft high (6 MHz) s ~55.1 :
6.0 ) -34.4
+2.
s -37.2 2.8
8.0 ) -33.6
+1.
[ -41.0 1.4
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s Table 4 (continued)

e Measurement Relative £ /&
4 Antenna and Frequency Voltage 'Y
- Design Frequency (Miz) Polurization (dB) (dB)
4 Unbalanced dipole 8.0 9 -22.8 |

E: 23 ft high (8 MHz) o ~19.9 .

3 Balanced dipole 4.0 o -63.0 | o .
s over ground screen ® -62.3 -
2 in clearing 6.0 9 -50.3 1.8
(15 Miz) 6 -48.5 ;
= 8.0 8 -41.3
3 N _ag.7 |26
7 12.0 -29.
= 8 28.0 | 4.2
4 6 -24.8
X3 15.0 [ ~20.4
3 ) -16.4 4.0
Sleeve dipole 6.0 0 -41.9 2.7

N (6 Mz) o -44.6 :
=
o Monopole in 6.0 8 -27.5 | -
ks clearing (6 MHz)

"7 3 Mor.opole on edge 4.0 q -63.9 -
. of clearing 6.0 [} -23.6 -
,g (6 Wiz) 8.0 8 -47.2 -
3 Konopole in 1.0 9 -61.0 | —
i foliage (6 MHz) 6.0 8 -37.0 | --
b= 8.0 ) -43.8 | -
4 2:1 Inverted L 3.0 5 -6.5 |
: (6 iz} ¢ -47.2 ’
E 4. .

: [\ 3 -44.7 |
g ¢ -44.6
3 6.0 8 -25.2
3 5 -26.2 |3°
= 8.0 8 -34.1
3 3 -32.6 1.3
5 2:1 Inverted L 8.0 8 =343 | o
4 -1.

‘% (8 MiHz) 6 -33.3
4 5:1 Inverted L 4.0 o —43.2
») ~ +1.3
™) (6 Miz) s -44.5
6.0 ) -32 ¢ -4.3
= ® -28.1
4 8.0 a -31.0
: ’ +2.
E e -33.8 2.8
£
e 5:1 Inverted L 10.0 8 ~32 4 -3.5
3 (10 WHiz) ¢ -28.9 :
| 30° Slant wire 4.0 8 8.6 | o
B (4 Mz) s -43.2 .
i 30° Slant cire 3.0 8 -57.8 | o,
E (6 MHz) s -67.0 |
3
4 4.0 8 -51.4
2 +7.3
K -3 -58.7
k- 6.0 ) -39.4
14 N -4s.2 |38
e 8.¢c 8 -35.5
3 N -40.9 |*5-4
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Table 4 (concluded)

Dl LS e L et o R

Measureament Relative £ /E
Antenza Frequency Voltage g ¢
Design Frequency (Mz) Polarization {dB) (dB)
: Locp in clearing 6.0 9 -51.0 1.4
1 (6 MHz) ® -52.4 .
Loop in foliage 6.0 -] -52.9 +0.7
(6 MHz) ® -53.6 )
; Longwire 3.0 %] ~-62.5 2.5
: (6 Wiz} ® -€5.0
H 4.0 8 -55.8
: -1.3
. ° -54.5
6.0 8 -42.3 .
° -45.3
8.0 8 -42.1
+1.
° -43.6 s
3 . Balanced dipole, 6.0 g -1 |,
% . JuB type, ® -16.6 ’
B . 40 ft high
*
< ‘ (6 Wz)
E> i Balanced dipole, 6.0 8 -24.6 | .o
J&B type, 3 -21.1 -
A ) 80 ft high
3 (6 Wz)
Balanced dipole, | 12.0 ° -16.1 | -
< J&B type,
% 40 ft high
P2 (12 wiz)
3
& J&B type 6.0 e -28.9 | -
S 40-ft vertical
E (6 MHz)
J8B type 2.0 8 -42.3 | -
3 80-ft veri{ical
o (2 MHz)
2B type 12.0 8 -17.5 | --
L 20-ft vertical
(12 Wiz) l
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the relative gains of the antennas into matched loads (see T#blus 5
through 7). It can be assumed that the data in Tables 5 through 7

are accurate to #3 dB.* The cases where the sum of the errors, including
the impedance and voltage-gain errors, is potentially in excess of 3 dE
have been designated by an asterisk. Potential errors of the unmarked
values are less than 3 dB. Again, it should be remembered that the
values presented in Tables 5 through 7 are not the maximum obtainable
signal but the maximum observed signal. For example, the maximum for

a short monopole is usually observed withi.u the 5° to 60° elevation
range of the measurements (typically the maximum occurs at about 40°),
whereas the maximum of a half-wavelength dipole situated a quarter-
wavelength above the ground is at the zenith and was not observed while

the Xeledop was being towed in circular orbits.

Tables 2 through 4 and 5 through 7 can be used for comparison
of the relative gains of different antennas into 5(-shm and mat~<hed
loads, respectively, as long as this is done at the same frequency and
at the same site or for comparing the relative maximum response of the
same antennas to the two polarizations, Ee and Eo; but when comparisons
are to be made vetween sites or between frequencies, one is then con-
sidering comparisons of absolute gain, which is discussed in the next
section. In order to obtain a conservative comparison of relative gain
between antenna types, however, the data of Tables 2 through 4 (relative

observed maximum voltage across 50-ohm receiver inputs) have been used

for the following discussion.

*
In most cases these relative gains are accurate to better than =2 dB

(as indicated in Refergnces 2, 3, and 4), and +3 dB can be regarded
as a conservative estimate of the accuracy of these relative-gain data.
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Table 5

RELATIVE POWER GAINS INTO MATCHED LOADS

AT PATTERN MAXIMA--LODI

Antenna Gaint
Measurement Design E E
Frequency Frequency | Potential 6 ¢
(MHZ) Type (MHz) Error* __ KdB) __ (dB)
2.67 2:1 Inverted L 8 0.0 -10.1
Balanced dipole 15 x - ~33.4
4 30° Slant wire 4 0.0 -9.8
Unbalanced dipole
2 ft high 6 x -15.2 --
Balanced dipele 15 - -29.1
5 60° Slant wire 5 0.0 -10.8
Unbalanced dipole
23 ft high 8 x -7.8 -=16.7
Balarnced Dipole 15 - -26.1
6 30° Slant wire 4 x 0.0 -2.7
Unbalanced dipole
2 ft high 6 -3.0 -8.6
Balanced dipole 15 - -19.2
8 Unbalanced dipole
23 ft high 8 -0.5 0.0
2:1 Inverted L 8 -4.9 -2.6
Balanced dipole 15 - -18.5
10 5:1 Inverted L 10 -5.1 0.0
Monopole 15 x -1.7 -
Balanced dipoie 15 - -8.6
15 Unbalanced dipole
23 ft high 8 x 0.0 0.0
60° Slant wire 5 -1.2 -7.3
Monopole 15 -3.5 -
Balanced dipole 15 - -1.9

t 3
VYantential amplitude errors greater than i3 dB due to VSWR measure-

sent errors.

..r

All gains on one frequency normalized to set highest equal to

0.0 dB.
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Table 5

RELATIVE POWER GAINS INTO MATCHED LOADS
AT PATTERN MAXIMA--ALMANOR

Antenna Gaint
Measurement Design E E
Frequency Frequency, fo Potential 0 ®
(MHz) Type (MHZ) Error® | (dB) _ (dB)
4.0 30° Slant wire 4 0.0 -6.6
5:1 Inverted L 10 x -0.2 =5.6
Unbalanced dipole
2 ft high 8 x ~-13.5 -14.1
Balanced dipole 15 x -20.1
5.0 2:1 Inverted L 8 x 0.0 -3.4
Sleeve dipcle S x 0.2 ~-4.9
Untalanced dipole
23 ft high 8 x -5.2 -11.2
6.0 5:1 Inverted L 10 x 0.0 -4.7
Unbalanced dipole
2 ft high 8 -8.2 -2.2
30° Slant wire 4 -3.2 -8.0
Balanced dipole 15 x -17.6
Monopole 15 x -17.9
8.0 Unbalanced dipole
23 ft high 8 -C.5 0.0
2:1 Inverted L 8 x -7.8 ~2.7
Sleeve dipole 5 x -17.9 -20.7
15.0 Balanced dipole 15 0.0
Monopole 15 -0.8
Unbalanced dipole
23 ft high 8 x -4,0 -1.5

*
Potential amplitude errors greater than 3 dB due to VSWR measure-~

ment errors,

‘r
All gains on one frequency normalized to set highest equal to

0.0 dB.
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Table 7

RELATIVE POWER GAINS INTO MATCHED LOADS
AT PATTERN MAXIMA-~BAN MUN CHIT

g Measurement Gaint
Frequency Potential| Eg Eo
(&iz) Antenna Error® (dB) __ (dB)
3.0 Balanced dipole x 0.0 -6.5

over ground screen
in clearing

(6 MHZ)
2:1 )nverted L ~,1 <-4.8
(6 MHz)
Unhalanced Jdirole ~5.8 -15.0
in clearing
(6 MHz)
Balanced dipole in x -10.5 -8.1
clearing (6 Miz)
Long wire (6 Miz) x -11.6 -14.1
Unbalanced dipole -14.7 -20.2
in foliage (6 NHz)
30° Slant wire x -15.8 -25.0
{6 MHz)

4.0 Balanced 4jipole -0.6 0.9

over ground screen
in clearing (6 MHz)

5:1 Inverted L -2.3 -4.1
(6 MHz)

30° Slant wire -2.9 -7.5
(4 Wiz)

Balanced dipole in -3.9 -4.1
clearing (6 MHz)

Unbalanced dipole x -5.5 -8.3
in foliage (6 MHz)

2-1 Inverted L x -5.9 -5.8
(6 t&iz)

Unbalatzed dipole x -7.6 -10.2
in clearing

(¢ Miz)

12 g wire (6 WHz) x -9.4 -8.1
10° Slant wire x -12.8 -20.1
‘6 WHz)

Dipole, 2 ft high x ~16.4 -16.4
(6 MHz)

Balanced dipole x -22.6 -21.9
(15 Wiz)

-

Potential amplitude errors greater than 13 dB because
of VSWR measurement crrors.

*All gains on one {requency normalized to sct highest
equal to 0.0 dB.
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Table 7 (continueq)

Measurement
Frequency
(MHz)

Antenna

Potential
Error‘

(dB)

Ee
(dB)

4.0
(continued)

6.0

Monopole on edge
oi clearing
(6 MHz)

Monopole in
foliage (6 MHz)

Balanced dipole,
J&B type,
40 £t higk (6 MHz)

Uubalanced dipole
in foliage (6 MHz)

Unbalanced dipole
in clearing
(6 MHz)

Balanced dipole,
J&B type,
80 ft high (6 MHz)

Balanced dipole
over ground screen
in clearing (6 MHZz)

Balanced dipole
in foliage (6 MHz)

Unbalanced dipole
in foliage
16 ft high (6 MHz)

Balanced dipole
in clearing
{6 MiHz)

2:1 Inverted L
(€ NHz)

S8 type
40-ft vertical
(6 Miz)

5:1 Inverted I
(6 Mz}

Unbalanced dipole
in foliage

8 ft high (6 Wi=z)
Monopole in
clearing (6 NHz)

Yonopole on edge
of clearing
(6 MHz)

Long wire (6 iz)

Sleeve dipole
(6 MHz)

-23.5

-24.8

-8.4

9.5

-10.4

-10.2

-13.4

~10.2

-11.3

-13.9

-11.9
-15.5

0.0

-5.7

-9.1

-11.2

-17.9
-18.2

-
Potential amplitude errors greater than 23 dB because of
VSWR measurement crrors.

.r
to 0.0 OB.
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Table 7 (continuxd)

Measurement Gaint
Frequency Potential By Eq
(uz.) Antenna Frror® | (4B) | (aB)
6.0 30° Slant wire -20.5{ -26.3
{continued) | (6 MHz)
Loop in clearing x ~23.6) -25.0
(6 Miz)
Loop in foliage x -25.6] -26.3
(6 iHz)
Balanced dipole x ~28.3} -26.5
over ground screen
in clearing
(15 wHz)
8.0 Brlanced dipole x -5.3 0.0
over ground screen
in clearing
(6 Miz)
Balziced dipole ~11.9] -~6.1
in ciearing
(5 MHz)
Dipole, 23 it high -8.7] -z.8
(8 MHz)
Unbaianced dipole x ~16.6} -10.3
in foliage
(6 Wiz)
Unbalanced dipole ~18.1} -13.0
in clearing
(6 MHz)
5:1 Inverted L x -13.2] -16.1
(6 WHz)
Long wire (6 Miz) = ~17.8{ -19.3
2:1 Inverted L ~19.2}1 -18.2
(8 Miz)
30° Slant wire x -19.0} -24 .4
(6 WHz)
2:1 Inverted L ~20.81 -19.3
(6 WHz)
Balanced dipole x -23.7] -21.1
over ground screcen
in clearing
(15 MHz)
Unbalanced dipole, ~24.8| -26.2
2 ft high (€ MHz)

*
Potential amplitude errors grester than 13 dB because of
VS¥. measurement errors.

fkll gains 0o one frequency normalized to set highest

eqal to 0.0 dB.

102




Table 7 (conciuded)

Measureuent Gaint
Frequency Potential Ee Ee
(MHz) Antenna Error® | (dB) { (4B)
8.0 Monopole on edge x -26.6§ --
(continued) |of clearing
(6 MHz)
Monopole in -29.4 -

foliage (6 Miz)

12.0 Balanced dipole, -29.4 ] -~
JLB type;
40 ft high
(12 MHz)

J&B type -0.8] --
40-ft vertical
(12 MWHz)

Balariczd dipole x -8.6] -4.4
over ground screen
in clearing

(15 MHz)

*
Potential amplitude errors greater than 13 dB because of

VS¥R measurement errors.

fAn gains on one frequency normaiizod to set highest

equal to 0.0 dB.
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One of the most meaningful relative-gain comparisons is between
different antenna types designed for and measured on the same frequency
at the same site. Unfortunately such comparisons are limited for the
Lodi and Almenor sites because different design frequencies were used
for most of the different antenna {iypes, but at Ban Mun Chit all of the
major antenna types were measured on 6 MHz. It was possible to compare
the 15-MHz results for the monopole and balanced dipole at Lodi and
Almanor, however, and at both sites the E response of the monopole was
within 1 dB of the maximum observed E0 regponse for the dipole. Another
such comparison is possible at 8 MHz bctween the 2:1 inverted L and the
23-ft dipole at all three sites. The meximum observed response of the
23-ft dipole exceeded that of the %:1 inverted L by 2.6 dB, 5.9 dB,
and 13.4 dB at i.odi, Almanor, and Ban Mun Chit respectively. An analogous
comparison can te made at 6 MHz for the 41-ft unbalanced dipole and the
2:1 inverted L in the foliage at Ban Mun Chit where the dipole exhibited
a gain of 5.9 dB over the inverted L. This result is in good agreement
with the 8-Miz result for Almanor but not for Ban Mun Chit. The maximum
observed response for the same 6-MHz dipole at Ban Mun Chit exceeded
tiat of the 5:1 inverted L by 7.8 dB. This result is in reasonable
agreement with the results from the sounder studies of relative gain
at the zenith!3,26,28 after allowance for the diff-rent elevation angle
(the power patterns indjcate that the relative gain of the dipole over
the 5:1 inverted I at about 50° elevation angle should be about the
same as the relative gain at the zenith). Tests with the tuned monopole
indicated that the meximum observed relative response dropped about 2 dB
when the antenna was moved from the clearing to the edge of the forest
and about another 9 dB when the antenna was moved into the forest, :i:
monopole in the forest was down 16.7 dB {from the uanbalsnuced dipole 1i=x
the forest. The relative response of the 30° sl:ut wire in the forest

at Ban Mun Chit was comparablie to (actually 2.4 d7; less than) the response
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of the tuned monopole in ‘the forest. The long wire was down about 22 dB

from the dipole in the forest and the loop (in clearing and forest) was

down more than 30 dB below the dipole.

Of the various relative gain results the most accurate is the ratio
of the maximum observed response for Ee to the maximum observed response

for Eo for the same antenna at the same site measured on the same fre-

quency with the same receiver. When considering antennas measured on

their design frequencies we observe that to within about 13 dB the slant
wires exhibited an Ee/Eo of about +7.7 dB, whereas the dipoles (excluding
those at very low heights) and inverted Ls exhibited an Ee/ﬁ° of about
-3.0 dB. When tue slant-wire antennas were measured on frequencies
abcove or below their design frequency the maximum E_response still
exceeded the maximum E@ response, whereas for the dipoles and inverted

Ls the Eg/Ea ratio was typically positive when the measuremeni frequency

was lower than the design frequency, and negative when the measurement

frequency exceeded the design frequency. The above comments apply f>r

all three sites and for antennas both in and out of the forest.

B. Estimated Absolute Gains

As indicated previously, in corder to compare the gains of antennas
between two frequencies or hetween two different measurement sites, one

must consider the absolute gains of the antennas. Since the effective

radiated power of the Xeledop is not known, absolute gains cannot be

derived directly from the measurement data.

The next best method for estimating the absolute gains of the
antennas would be to erect a half-wave dipole antenna as a reference
antenna for each frequency of the Yeledop transmitter and then calculate
the absolute gsins of these reference dipole antenuas. Onc: the absoluta
gain of the reference dipole is determined, the absolute gai.s of all

105




B
&
=

RS

Aar G e SR A

ISy

Shiray

WS Sada

R Sy v
s

2
g%

nther antennas on this fregquency could be established by relating the

gains through the relative-gain data.

The absolute gain of a half-wave dipole can be calculated using the

relationship,®

+ 20 ¥ - 10 3
Ciso = %s log, (F(6, ¢ - 10 log (R /R

where
Gfs = Gain of a half-wave dipole in free space relative
to isotropic
F(g, ¢) = The field imaging factor
Ra = Measured antenna fzed-point resistance

Rd = Antenna feed-point resistaace in free space (73 ohms

for a hali-wave dipole).

The maximum gain of a half-wave dipole in free space is 1.64 (2.15
dB). The field imaging factor would be 2.C for a horizontal dipole at
1/4 above perfect ground. For imperfect ground and radiation toward

the zenith from a hovizontal dipole, the imaging factor is given approxi-

mately as.®®

F =_-[1 + A2 - 28 cos (o + 4nha/)‘)]l/2

where A < ¢ is the reflection coefficient of the ground for horizontal

*
polarization, and ha/i is the antenna height above ground in wavelengths.

Pa—

*
It sliould be noted that Terman defines o as the phase shift over actual

ground relative to the phase shift caused by a perfect conductor (which,
for horizontal polarization is 180°).
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The term (Ra/kd) includes both the effect of the change in the
ease or difficulty of driving the antenna in the location near ground
relative to that for driving it in free space, and the effect of losses
in the ground and the antenna wire. Ra can be defined to equal the
sum of an effective radiation resistance (Rr) and an effective loss
resistaice (Rz). Then

R +R

T £
10 1og10(na/nd) = 10 log, |———| + 10 1og10(nr/nd)

where the first term can !’z recognized as the antenna efficiency, and
the second term pertains to the relative ease or difficulty of maintain-
ing the free-space input current to an equivalent lossless radiating
element. This logarithm may be termed the ground proximity loss (or

gain for the case when Ra < 73 ohms).

Combining terms for the dipole gain in free space, imaging factor,

and ground proximity loss, the absolute gains of tno dipole antennas

can be estimated.®

Using this procedure, the absolute gain of the dipole antennas
measured at Lodi, Almanor, and Ban Mun Chit were calculated. 1ln some
cases, it was necessary to caiculate the gain at a frequency other than
the design frequency of the dipole since a reference antenna was not
erected for each measurement frequency. In these cases, the gain of
the antenna in free space was assumed to be 2.15 dB. This assumption
should not cause an error of more than 0.41 dB since the gain of a short

(Hertzian) dipole in free space is 1.74 dB.

No measurements of the electrical ground constants were obtained
at Lodi or Almanor; thus it was necessary to use values provided in
the literature. The values used for Lodi were €. =10 and g = 2 unho/h,

and the values for Almanor were er = i3and g=5 muho/i. For Ban Mun
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Chit, the values of the electrical ground constants were measured with

open-wire-transmission-line probes (see Figure 5).

After the absolute gain of a dipole antenna was estimated for a
given {requency it was possible to determine a constant value to be
added to the relative gain values of all the antennas measured at the
same site on that frequency to obtain the absolute gain of these antennas.
In some cases the absolute gains of several dipoles were calculated on
the same frequency and it was possible to determine the best constant
to be added to the relative gain data and also estimate the accuracy
of the absolute gain information. The accuracy of the absolute gain
data presented i Table 8 is estimated at t3 dB unless it is marked with
a dagger (1), which indicates that the possible inaccuracy is greater
than +3 dB. The asterisk (*) is used to indicate potential errors in
the relative gain data and also indicates a potential error in the esti-
mated absolute gain. Those absolute gains marked with both an asterisk
and a dagger have a potential error of 6 dB or more. The values of
absolute gain presented in Table 8 are the absolute gains of the antennas

at the measured pattern maximum (zero dB on the contour plot).

Inter-site comparisons using the estimates of absolute gain are
possible for four of the antennas: the 4-MHz 30° slant wire, the 8-MHz
2:1 inverted L, the 8-MHz 23-ft dipole, and the 15-Miz balanced dipole
over a ground screen. The results for the 4-MHz 30° slant wire seem
reasonable and consistent. This antenna exhibited nearly an isotropic
absolute gain xhoen measured in the cleared site, and the gain dropped
3 to 4 dB when *+he antenna was measured at the two forested sites. The
8-MHz 2:1 inverted L showed a reasonable gain at the cleared site (+3.3
dB) and a reasonable drop of ~1.6 dB when placed in the forest at Almanor,
but the gain value of -9.6 dB at Ban Mun Chit seems excessively low.

(Note that this value has 2 dazger indicating significant uncertainty.)
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Table 8

SUMMARY OF ESTIMATED ABSOLUTE GAINS (MORMALIZATION CONSTANTS)
FOR MEASURED ANTENFA PATTERNS IN REFERENCES 2 THROUGH 4

. ¢ Estimated Absolute Gains (dB)
[ - Lodi Alaanor Ban Mun Chit
Antenns Type (MHz) | (MEZ) 1-29 l-:. Eq B. Be BQ
Balanced dipole with 6.0 | 3.0 -0.4* | -6.9*
ground screen in 4.0 -0.9* -0.3*
clearing--41 ft high 6.0 -1.0 +1.9
8.0 +3.3* | +8.6"
Balunced dipole in 6.0 | 3.0 -10.9 -8.2
clearing--41 ft high 4.0 -4.2 -3.6
6.0 -2.6 4+0.0
8.0 -3.3 +3.2
Unbalanced dipole in 6.0 | 3.0 -6.2*1] <1541
clearing--41 ft high 4.0 -7.9* | -10.5*
6.0 -2.1 +4.3
8.0 -9.5* -3.4*
Balanced dipole in 6.0 | 6.0 -1.9 +1.1
forest--41 ft high
Unbal-n ~d dipole in 6.0 | 3.0 -15.at | -20.6
forer t--41 ft high 4.0 -5.8 -8.6
6.0 +4.0 40.5
8.0 -8.0" | -1.7°
lUnb:nlaneed dipole in 6.0 6.0 -2.8 +0.8
forest--16 ft high
Unbalanced dipole in 6.0 6.0 -2.6 ~3.6
forest--8 ft high
Unbalanced dipole 6.0 2.0 n/a n/s
2 ft high 4.0 | -15.6 -17.9* | -18.5* | -16.7* | -16.7"
6.0 | -5.1 | -10.7 | -15.7 -9.7 {-10.1 -12.9
8.0 -16.0 -18.2
10.0 +4.0*| -6.5*| -7.1* -4.2*
Unbalanced dipole 8.0 2.67 n/a n/a
23 ft high 5.0 | -16.8%| -22.7*| -3.9* -9.9*
8.0 | -1 | +.6 | +.0 +4.5 -0.1 42.8
15.0 | +7.9*| +7.9*| +0.6 +3.1
Bzlanced dipole over 15.0 4.0 -29.5°% -24.6% | -22.9* | -24.2°
ground screen 5.0 -24.9* -13.7*"
16.4 1t high 6.0 -21.0° -31.7° | -20.7* | -18.9*
8.0 -12.6°* 0.0* | -15.1* { -12.5°
10.0 -0.6” +3.4%1
12.0 0.5 4.7
15.0 +5.7 +H.6 +2.6 +6.6
Sleeve dipole 5.0 | 52 +1.1°t] -3t
8.0 -13.4% | -16.2*
Slceve divole 6.0 | 6.0 -7.9°t| -10.6**
Balanced dipole, J&B 6.0 | 6.0 +0.8 +2.7
type--80 ft high
Balanced dipole, JuB 6.0 | 6.0 +3at | +7.6t
typc--40 ft high

*
Potential relative gain error greater than :2 dB duc to VSWR measurement ¢rrors.

*Emr of estimated absolute gain potentially greater than 13 dB.
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Table 8 (concluded)

¢ p Estimated Absolute Gains (dB)
- [ Lodi Almanor Ban Mun Chit
Antenna Type (MH2) | (MHz) Eg E, xe E, Be E,
lialanced dipole, J&3 | 12.0 | 12.0 +.¢t
type~--40 £t high
Yonopole in clearing 6.0 6.0 -3.7
Monopole on edge 6.0 | 4.0 -23.8*
of clearing 6.0 -5.8
8.0 -18.0*
Moropole in forest 6.0 | 4.0 -25.1*
6.0 -12.0
8.0 -20.8°*
Monopole 15.0 2.0 n/a n/a
2.67 n’a
4.0 {-13.7* -16.8°*
5.0 }-15.9* -12.5*
6.0 | -22.4* -32.0*1
8.0 -6.1* -4.2*
10.0 431t
15.0 | +4.1 3.8
J&B type 80-ft vertical | 2.0 2.0 n/a
J&B type 40-ft vertical ;: 6.0 6.0 -1.2
J&B type 20-ft verticai | 12.¢ | 12.0 48.7*
2:1 Inverted L 6.0 | 3.0 -5.8 -5.2
4.0 -6.2* -6.1*
6.0 -3.9 -0.9
8.0 -22.2% | -19.™*
2:1 Inverted L 8.0 2.67] -3.5 |-1..6 n/a
5.0 +1.3* -2.1°
8.0 | +1.0 | 43.3 | -3.4* | +1.7* |-10.6% | -9.6?
5:1 Inverted L 6.0 4.0 -3.1* -4.4*
6.0 -5.8 -1.5
8.0 -4.7* | -7.5°
S:1 Inverted L 10.0 | 4.0 -4.6* |-10.0*
€.0 -14.2*t | 18,901
100 | -4.6 | -9.1 | -3.4*Y] -3.0*t| 1 n/a
30° Siant wire 4.0 2.0 n/a n/a n/a
4.0 | 40.4 |-10.2 | -4.4 |-11.0 -3.2 -7.7
6.0 | -3.1"} -4.8% [-14.4 -18.2
30° Slant wire 6.0 | 3.0 -16.2* | -25.4°
3.0 -13.1* | -20.4*
6.0 -12.9% | -18.7¢
8.0 -10.5* | -22.8°
60° Slant wire 5.9 | 5.0 | ©1.0°| -s.8°
15.0 +6.4* | +0.3°*
Loop 1n clerring 6.0 | 6.0 -16.0* } -17.4°
loop in forest 6.0 6.0 -18.0* | -18.7*
Long wirc 6.0 | 3.0 -12.0* | -14.4°
4.0 -9.7* -8.4°
6.0 -7.3* {-10.3"
8.0 9.2 |-10.7"

*
Potentizl rclative gain error greater than 23 dB due to VSWR measurement orrors.
tEx'm:u' of cstirated absclute gain potentially greatar than :3 dB.
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The gain of the 6-MHz 2:1 inverted L was -0.9 dB, and this casts further
doubt on the result at 8 MHz. The absolute gain values for the 8-MHz
23-ft dipole of +4.6, +4.5, and +2.8 dB for Lodi, Almanor, and Ban Mun
Chit seem quite reasonable, as do the corresponding values of 45.7, +4.6,
and +6.6 dB for the 15-MHz balanced dipole with ground screem. At Lodi
and Ban Mun Chit this latter antenna was placed in a cleared area, whereas
at Almanor there were trees around the edge of the ground screen (possibly

accounting for the slightly lower gain at Almanor).

At Ban Mun Chit the sleeve dipole laid upon the ground and the
long-wire antenna both had the surprisingly high gain of about -7.9 dB,
whereas the 6-MHz 30° slant wire and tuned monopole in the forest both
exhibited an absolute gain of only about -12.5 dB. This latter result
ceems low since it is quite likely that the pattern maxima for both the
slant wire and monopole actually were observed. On the other hand, it
is worthy of comment that the Jansky-and-Bailey-type antennas all seemed

quite efficient.

C. Gain of Dipole Antennas at the Zenith

From the 6-MHz unbalanced dipoles measured in the forest at Ban
Mun Chit, there are sufficient data available to provide an indication
of the variation of the ahsolute and relative gain at the zenith of a
dipole antenna as a function of the antenna height. The calculated
and measured data are presented in Figure 41. The calculated data were
obtained by adding 2.15 dB (the gain of a half-wavelength dipole in
free space) and the impedance correcticn factor [- 10 log (Ra/Rd) as
described previously] to the F values derived from the model described

*
in Section VII. The measured values were derived from the absolute

*

Note that impedance data for the calculated absolute gain were available
only at 2, 8, 16, and 41 ft. The fa>t that the maximum gain occurs
below A/4 is a conclusion that is discussed in Ref. 31.
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gain normalizing comnstunt by adding 1 dB <« account for the increase in

signal strength caused by the pattern factor as the elevation angle
increases from the location of the Eo or Ee maximum (typicaliy the

largest elevation angle measured) to *he zenith. More information on

dipole gain a% the zenith as a function <f antenna height can be found

in Rei. 25.
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XI SUMMARY

Although the vertically incident skywave is the predominant wode in
the lower part cof the HF band over foresi2d terrain at rangss greater
than a few miles, it has been indicated that the complete radiation
pattern of the antenna shovld be determined in order to know what effect
unwanted noise and interference (including jamming signals) will have on

the receiving system, and to know the susceptibility of the system to

7
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interception., The radiat.on patterns of selected HF field-expedient

I

antennas were measured using the Xeledop technique when the antennas
were erected over an open, flat field near Lodi, California, in a pine
forest near Almanor, California, in a tropical forest near Ban Mun Chi:,
Thailand, and (under a different contract) over hilly terrain near
Livermore, California., In order to better understand the effect of the
forest and ground on the radiation patterns of these simple antennas, a
multilayer-slab computer model was developed to predict the expected

radiation patterns of Hertzian dipole antennas immersed in a forest,

The measured dipole directivity patterns show that generally the
Ee (vertical polarization) patterns tend to be affected more by the
scattering from the surrounding vegetation than do the Eo (horizontal
polarization) patterns. But for either polarization, the relative re-
sponse of the antennas tends to be enhanced at low elevation . ngles when
the antenpas were measured at the two forested sites, Whco coun. “=2vring
the dipole antenna (and cther simple sntennas) one should not rely on
only the primary polarization but should consider both polarization
components and their effect on the total radiated power. It has been

shown that the dipole antenna exhibits an almost omnidirectional power

pattern near the zenith (see Figure A-13), and, in some cases (especially
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for the lower antenna heights and for measurement frequencies below
resonance), the Ee response of the antenna is the stronger component,
The E° component typically exceeded the Ee component by about 3 dB for

resonant dipoles, however, and the Eo component also tended to dominate

the powver patterns for measurement frejuencies sbove resonance, The
absolute gain of the dipoles when placed at heights greater than N8

exceeded the isotropic level.

The measured patierns for the monopole autennas indicate that the
location of the maximum respounse of these antennas tended to occur at
higher elevation angles when the antennas were siiuated in the forests.
Although the pattern was slightly disturbed at Ban Mun Chit, the most
pronounced case of pattern perturbation was evident at 8 MHz and above
when the antenna was measured at Almanor (note that this effect did not
occur for the horizontal dipoles measured at Alnuow), The Ee response
of the monopoles greatly exceeded the Eo response~~indesa, it proved

difficult to measure the Eo response,

Two configurations of the linverted-L anteuna were measured: a 2:1

inverted L and a 5:1 inverted .. The Ec patterns of these antennas re-
semble those of dipole antennas, whereas the Ee patterns deviate ‘rom
those of a dipole in that a fairly streng lobe was formed in vne direction,
The maximum Ee (and power) response of these antenna is slightly down

from the zenith, in the direction toward the vertical element of the
antennas, The absolute gain of this antenna is slightly below that of a
half-wave resonant horizontsl dipole; but, like a dipole, the Ec respouse
usually exceeds the Ee response by about 3 dB, Off resonance, the po-

larization trends were similar to those already discussed for the dipoles.

The measured Eo pattern of the 30° slant-wire antenna resembles a
dipole antenna although the gain of this sntennc is considerably ilower

than that of a dipole antenna, The Ee and power patterns of this antenna
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show that the maximum rasponse of the antenna is slightly down from the
zenith and--contrary to what is often commonly assumed--the direction
cf maximum gain is in the direction of the counterpoise which is an ac-
tive part of this antenna. The Ee response of this antenna typically

excreded the E° regponse ty aboit 7.7 dB.

The results of the measurements at Livermore show that the antennas
installed on the top of rounced hills performed about as they did when
installed over flat terrein at Lodi. No significant pattern distortion
or alteration was observed wien the hilltop data were compared with the
results obtained at Lodi, although measurable differences were detected.
The Eo component appears to be somewhat larger than the Ee component,
rather than nearly equal as in the Lodi measurements. When the dipole
antennas were installed on mild slopes, considerable distortion of their
radiation patterns was observed. Both the E0 and Ee components were
perturbed, comparsd to results obtained on the hilltop and at Lodi, and
when a dipole was installed with its axis along the terrain contour lines
the Eo component toward the hilltop was attenuated. The Eo component
away from the hillside was considerably lowered in elevation angle, re-
sulting in stronger siganals at low elevation angles in the direction
away from the hill. The Ee response was complex. The deep Ee null,
normal to the dipole axis, was not evident toward the hill. The Ee lobes
along the axis of the dipole were shifted so that they appecar to be
aligned with the terrain contour lines, instead of occurring on the dipole
axis. It may be concluded that irregular terrain features (such as hills)
can cause gross pattern perturbations (such as a shift of a lobe avayv
{rom the hillside) in excess of those caused by a forest where the average

ireve spacing is less than )\/16 at the radio wavelength of interest.

The three-layer slab model consisting of air, forest, and ground
presented in Ref., 6 was reviewed snd it was recalled that the most sig-

nificant variable affecting gain toward the zenith was antenna height.
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The model was run for the case of the forest at Ban Mun Chit, and, when
measured feed-point impedance data were employed to determine ground
proximity loss, predicted reasonably well the height-gain function of
the 6-MHz unbalanced dipole measured with the Xeledop. Notice that this
is a model for a Hertzian dipole being used 1o predict the field-imaging

factor of a half-wave dipole.

The radiation patterns calculated with the multilayer slab model
were compared with the measured radiation pattern data. This comparison
shows that the measured and modeled data compared quite favorably for the
resonant frequencies of the antennas, but the comparison deteriorated for
frequencies below resonance. The measured and calculated results should
be quite similar for frequencies below resonance since the model assumes
an electrically shert dipele antenna. Part of the dissimilarity between
the measured and calculated patterns can possibly be explained by the
presence of the antenna feed line, which becomes an active part of the
antenna when the antenna is used off resonance, obviously the computer
model does not take this into consideration. The patterns of the balanced
dipole were predicted wmore accurately than those of the unbalanced dipoles--

again a possible indication of the feedline distorting the pattern.

The relative gains for all of the measured antennas were tabulated.
When the antennas vere located in the forest the horizontal dipoles
placed }/8 or more above ground exhibited the greatest relative gain.
The dipoles typically were followed by the 2:1 inverted L, 5:1 inverted
L, 30° slant wires, monopoles, and loops in that order. This is essen-
tially the same result as obtained with the ionospheric sounders when
used to neasur: the relative gazin at the zenith.25 The relative gain
data obtninec for measurement frequeiicies a few MHz off the design fre-
quency indicate the rather extreme penalty to be paid for not employing
an antenna of the proper design. It should be noted that the Jansky-
Bailey-type antennas measured at Ban Mun Chit were observed to be rcila-

tively efficient.
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The absolute geins for many of the anteanas were 2stimated. Several
assumptions were necessary to calculate absolute gains, but if they are
used cautiously, considerable information can be withdrawn from the values
{e.g., inter-site gain comparisons, etc.). Such comparisons indicated
that the vegetation typically caused a decrease in gain of about 3 d3

{£3 dB) for most of the antennas.
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Appendix A

CONTOUR PLOTS OF RADIATION PATTERNS OF ANTENNAS MEASURED
OVER USEN, FLAT TERRAIN, IN A U.S, PINE FOREST, AND IN A
TROPICAL FOREST IN THAILAND

Contour plcts of the radiation patteras of identical antennas that
were measured over open, flat terrain (Lodi, California), in a U.S. pine
forest (Almanor, Californiaj, and in a tropical forest (Ban Mun Chit,
Thailand) under Contract DA 36-039 AMC-00040(E) are presented in this
appendix. The pa. lerns are presented in order of antenna type as they
were discussed :n Sec. IV (e.g., dipoles, monopolies, inverted L's, and
slant wires)., For each type, patterns are presented for the three sites
with Lodi first, followed by data from Almanor and Ban Mun Chit. The
data for the sites are then presented in order of increasing frequency,
if data for more than one frequency is presented, and for each frequency
the Ee (vertical polarization), Eo (horizontal poliarization), and power
patterns (where available) sre presented. A description oi the contour

plots has been presented previously in Sec. III of this report.
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FIGURE A-1 MZASURED PATTERN OF 2-FOOT-HIGH UNBALANCED DIPOLE AT LODI
124
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TA-8663-98

FIGURE A-4 MEASURED PATTERN OF 2-FOOT-HIGH UNBALANCEL DIPOLE IN FOREST
AT ALMANOR, E¢ AT 6 MH2
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FIGURE A-5

TA-8663-99

MEASURED PATTERN OF 2-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT ALMANOR, POWER AT 6 MHz
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FIGURE A-6 MEASURED PATTERN OF 2-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT BAN MUN CHIT, Eg AT 6 MHz
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FIGURE A-8

TA-8663-102

MEASURED PATTERN OF 2-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT BAN MUN CHIT, POWER AT 6 MHz
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i32

MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE AT LODI,

Eg AT 8 MHz

FIGURE A-9
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FIGURE A-10 MEASURED PATTERN GF 23-FOOT-HIGH UNBALANCED DIPOLE AT LODI,
E¢ AT 8 MHz
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FIGURE A-11  MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DiPOLE IN FCIEST
AT ALMANOR, Eg AT 8 MHz
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FIGURE A-12 MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT ALMANOR, Eq, AT 8 MHz
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fo- 8 MHz

TA-8663-107

FIGURE A-13 MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT ALMANOR, POWER AT & MHz
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FIGURE A-14 MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE IN FORcEST
AT BAN MUN CHIT, Eg AT 8 MHz
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FIGURE A-15 MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT BAN MUN CHIT, E¢ AT 8 MHz
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FIGURE A-16 MEASURED PATTERN OF 23-FOOT-HIGH UNBALANCED DIPOLE IN FOREST
AT BAN MUN CHIT, POWER AT 8 MHz
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FIGURE A-17 MEASURED PATTERN OF 15-MHz BALANCED DIPOLE AT LOD),
E¢ AT 15 MKz
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FIGURE A-18 MEASURED PATTERN OF 15-MHz BALANCED DIPOLE IN CLEARING
AT ALMANDR, E¢ AT 15 MHz
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MEASURED PATTERN OF 15-MHz BALANCED DIPOLE IN CLEARING

AT BAN MUN CHIT, E¢ AT 15 MHz

FIGURE A-19
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FIGURE A-20 COMPARISON OF MEASURED PATTERNS OF MONOPOLE ANTENNAS

AT LODI AND IN FORESTS IN ALMANOR AND BAN MUN CHIT,
Eg AT 6 MH7
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FIGURE A-21 MEASURED PATTERN OF MONOPOLE ANTENNA AT LODI,
Eg AT 8 MHz
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FIGURE A-22 MEASURED PATTERN OF MONOPOLE ANTENNA AT LODI,
Eg AT 15 MHz
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FIGURE A-23

TA-8883-117

MEASURED PATTERN OF MONOPOLE ANTENNA IN FOREST
AT ALMANOR, E5; AT 8 MHz
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FIGURE A-25 MEASURED PATTERN OF MONUPOLE IN FOREST AT BAN MUM CHIT,
Eg AT 8 MHz
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VERTED-L ANTENNA AT LODI,

FIGURE A-26  MEASURED PATTERN OF 2:1 IN
£y AT 8 MHz
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FIGURE A-27 MEASURED PATTERN OF 2:1 INVERTED-L ANTENNA AT LOD.!.
E¢ AT 8 MH2z
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FIGURE A-28 MEASURED PATTERN OF 2:1 INVERTED-L ANTENNA IN FOREST
AT ALMANOR, E; AT 8 MHz
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FIGURE A-30 MEASURED PATTERN OF 2:1 INVERTED-L ANTENNA IN FOREST
AT ALMANOR, POWER AT 8 MHz
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FIGURE A-31 MEASURED PATTERN OF 2:1 INVERTED-L ANTENNA IN FOREST
AT BAN MUN CHIT, Ey AT 8 MHz
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FIGURE A-32 MEASURED PATTEAN OF 2:1 INVERTED-L ANTENNA iN FOREST
AT BAN MUN CHIT, E¢ AT 8 MHz
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FIGURE A-33 MEASURED PATTERN OF 2:1 INVERTED-L ANTENNA IN FOREST
AT BAN MUN CHIT, POWER AT & MH:z
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FIGURE A-34 MEASURED PATTERN OF 5:1 INVERTED-L ANTENNA IN FOREST
AT ALMANOR, Eg AT 10 MHz
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FIGURE A-36 MEASURED PATTERN OF 5:1 {NVERTED-L ANTENNA IN FOREST
AT ALMANOR, POWER AT 10 MHz
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FIGURE A-27 MEASURED PATTHRN OF 5.1 INVERTED-L ANTENNA I FOREST
A™ BAN MUN CHIT, Eg AT 10 MHz
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FIGURE A-38 MEASURED PATTERN OF §:1 INVERTED-L ANTENNA IN FOREST
AT BAN MUN CH:T, Eq, AT 6 MHz
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FIGURE A-39 MEASURED PATTERN OF 5:1 INVERTED-L ANTENNA IN FORéST
§: AT BAN MUN CHIT, POWER AT 10 MHz
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FIGURE A-40 MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA AT LODI.
Eg AT 4 MHz
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FIGURE A-4% MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA AT LODI,
E¢ AT 4 MHz
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FIGURE A-42 MEASURED PATTERN OF 30° ZLANT-WIRE ANTENNA IN FOREST
AT ALMANOR, Eg AT 4 MHz
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FIGURE A-43 MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA IN FOREST
AT ALMANGR, E¢ AT 4 MHz
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FiGURE A-44 MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA IN FOREST
AT ALMANOR, POWER AT 4 MH:z

167




TA-8663-139

FIGURS A-45 MSASURED PATTERN OF 30° SLANT-WIRE ANTENNA IN FOR!:IST
AT BAN MUN CHIT, Eg AT 4 MHz
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FIGURE A-45 MEASURED PATTERN OF 30° SLANT-WIRE AMTENNA IN FOREST
AT BAN MUN CHIT, E¢ AT 4 MHz
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FIGURE A-47 MEASURED PATTERN OF 30° SiANT-WIRE ANTENNA IN SOREST
AT BAN MUN CH!T, POWER AT 4 MH:z
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Appendix B

CONTOUR PLOTS OF THE RADIATION PATTERNS
OF ANTENNAS MEASURED OVER HILLY TERRAIN
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Appendix B

CONTOUR PLOTS OF THE RADIATION PATTERNS
OF ANTENNAS MEASURED OVER HILLY TERRAIN

e
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Tkis appendix contains selected examples of the radiation patterns

oy TS
TR ST,

& ; of antennas measured over hilly terrain near Livermore, California (under
i Contract DAHCO7-67-C-0144) as discussed in Sec. VI of tnis report. ‘fhe
- patterns are grouped by antenna type (e.g., dipoles, monepoles, and slant

wire, .. that order) with those located on the hilltop presentec first

and those on the hillside presented second. The Ee (vertical polarization)
response data are presented first, followed by the Eo {horizontal polar-

ization) response data for each antenna. A description ¢f the contour

plot was provided in Sec, III of this report,
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FIGURE B-1

T8 -Y663-142

MEASURED PATTERN OF A-MHz UNBALANCEDR DIPOLE ON HILLTOP,
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TA-3663-144

FIGURE B-3 MEASURED PATTERN OF 6-MHz UNBALANCED DIPOLE ON HILLSIDE,
Eg AT 6 MHz
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FIGURE B-4 MEASURED PATTERN UF 6-MHz UNBALANCED DIPOLE ON HILLSIDE,
E¢ AT 6 MHz
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FIGURE B-5 MEASURED PATTERN OF 15-MHz UNBALANCED DIPOLE ON HILLTOP,
Eg AT 15 Mz
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FIGURE B-6 MEASURED PATTERN OF 15-MHz UNBALANCED DIPOLE ON HILLTOP,
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FIGURE B-7

TA-8663-148

MEASURED PATTERN OF 15-MHz UNBALANCED DIPOLE ON HILLSIDE,
Eg AT 15 MHz
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E¢ AT 15 MHz

FIGURE B-8 MEASURED PATTERN OF 15-MHz UNBALANCED DIPOLE ON HILLSIDE,

210
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FIGURE B-9 MEASURED PATTERN OF 30-MHz MONOPOLE ON HILLTOP,
Eg AT 30 MHz
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MEASURED PATTERN OF 30-MHz MONOPOLE ON HiLLSIDE,
Eg AT 30 MHz
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FIGURE B-12 MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA ON HILLTOP,
E¢ AT 4 MHz
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FIGURE B-13

TA-8663-154

MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA. ON HILLSIDE,
Ep AT 4 MHz
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FIGURE B-14

TA-4663-155

MEASURED PATTERN OF 30° SLANT-WIRE ANTENNA ON HILLSIDE,
E¢ AT 4 MHz
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Appendix C

CONTOUR PLOTS OF THE MEASURED AND CALCULATED RADIATION PATTERNS
OF DIPOLE ANTENNAS MEASURED IN THE TRCPICAL FOREST IN THAILAND
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Apvendix C

CONTOUR PLOTS OF THE MEASURED AND CALCULATED RADIATION PATTERNS
OF DIPOLE ANTENNAS MEASURED IN THE TROPICAL FOREST IN THAILAND

This appendix contains contour plots comparing the measured and
calculated data from selected dipole antennas at Bsn Mun Chit, Thailand,
as discussed ir Sec. IX of this report. The potterns for eacth antenna
are presented in order of increasing frequency, with the Ee (vertical
polarization) response followed by the Eo (horizontal polarization) re-
sponse. The measurecd data are shown as solid lines and the calculated

patterns are shown as dashed lines.
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TA-8633-156

CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DIPOLE
192

OVER GROUND SCREEN IN CLEARING, E5 AT 6 MHz
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FIGURE C-
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TA-£863-157

FIGURE C-2 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DIPOLE
OVER GROUND SCREEN IN CLEARING, E¢ AT 6 MHz
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TA-8663-158

FIGURE C-3 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DI.POLE
IN CLEARING, Eg AT 3 MHz




TA-8663-159

FIGURE C-4 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DIPOLE
IN CLEARING, E¢ AT 3 MiHz
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196

URED PATTERNS OF 6-MHz BALANCED DIPOLE

A3
IN CLEARING, Ey AT 4 MHz

[
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FIGURE C-5 CALCULATED AND ME




IN CLEARING, E¢ AT 4 MHz

FIGURE C-6 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED 6!POLE
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FIGURE C-7
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TA-8663-162

CALCULATED AND MEASURED PATTLRNS OF 6-MHz BALANCED DIPULE
IN CLEARING, Ey AT 6 MHz
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TA-8663-164

200

FIGURE C-9 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALANCED
DIPOLE IN CLEARING, Ey AT 3 MHz
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FIGURE C-10 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALANCED
DIPOLE IN CLEARING, E¢ AT 3 MHz
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TA-8663-16€

CALCULATED AND MEASURED PATTERNS OF 6-MH2 UNBALA.\I(}ED

DIPOLE IN CLEARING,

€g AT 4 MHz

"

FIGURE C-
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TA-8663-167

FIGURE C-12 CALCULATED AMD MEASURED PATTERNS OF 6-MHz UNBALANbED
DIPOLE IN CLEARING, E¢ AT 4 MHz
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TA-8663-168

204

DIPOLE IN CLEARING, Eg AT 6 MHz

FIGURE C-13 CALCULATED AND MEASURED PATTERNS OF 6-MH:z UNBALAN&ED
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FIGURE C-14 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALANCED
DIPOLE IN CLEARING, E¢ AT 6 MHz
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TA-8683-170

FIGURE C-15 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DIPOLE
IN FOREST, Eg AT 6 MHz
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TA-8663-171

16 CALCULATED AND MEASURED PATTERNS OF 6-MHz BALANCED DIPOLE
IN FOREST, E¢ AT 6 MHz
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TA-8663-172

FIGURE C-17 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALANCED
OIPOLE IN FOREST, Ep AT 3 MHz
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TA-8663-173

FIGURE C-18 CALCULATED AND MEASURED PATTERNS OF 6-MH2 UNBALANéED
DIPOLE IN FOREST, E¢ AT 3 MH2
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TA-8663-174

FIGURE C-19 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALANCED

DIPOLE IN FOREST, E5 AT 6 MHz
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TA-8663-175

FIGURE C-20 CALCULATED AND MEASURED PATTERNS OF 6-MHz UNBALAN&ED

DIPOLE IN FOREST, E¢ AT § MHz
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TA-8663-176

FIGURE C-21 CALCULATED AND MEASURED PATTERNS OF 16-FOOT-HIGH, 6-MHz
UNBALANCED DIPOLE IN FOREST, Eg AT 6 MHz
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TA-86883-177

FIGURE C-22 CALCULATED AND MEASURED PATTERNS OF 16-FOOT-HIGH, 6‘.MH1
UNBALANCED DIPOLE IN FOREST, E¢ AT 6 MH2
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TA-8663-178

FIGURE C-23 CALCULATED AND MEASURED PATTERNS OF 8-FOOT-HIGH 6-MHz
UNBALANCED DIPOLE IN FOREST, E5 AT & MHz
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TA-3662-179

FIGURE C-24 CALCULATED AND MEASURED PATTERNS OF 8-FOOT-HIGH, 6-MHz
UNBALANCED DIPOLE IN FOREST, E, AT 6 MHz

215




e By Mt e LT e L R o TR s ey

TA-8663-180

FOOT-HIGH, 6-MHz

216

UNBALANCED DIPOLE IN FOREST, Eg AT 4 MHz

FIGURE C-26 CALCULATED AND MEASURED PATTERNS OF 2-
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TA-8663-181

FIGURE C-26 CALCULATED AND MEASURED PATTERNS OF 2-FOOT-HIGH, 6-MHz
UNBALANCED DIPOLE IN FOREST, E¢ AT 4 MH:z
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FIGURE C-27 CALCULATED AND MEASURED FATTERNS OF 2-FOOT-HIGH, 6-MHz
UNBALANCED DIPOLE IN FOREST, Eg AT 6 MHz
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TA-8683-183

FIGURE C-28 CALCULATED AND MrASURED PATTERNS OF 2-FOOT-HIGH, G-MHI
UNBALANCED DIPOLE IN FOREST, E¢ AT 6 MH:z
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TA-8603-184

FIGURE C-29 CALCULATED AND MEASURED PATTERNS OF 23-FOOT-HIGH, 8-MH:z
UNBALANCED DIPOLE IN FOREST, Ey AT 8 MHz

220




r e e e e e ——— o -

TA-8C63-185

FIGURE C-30 CALCULATED AND MEASURED PATTERNS OF 23-FOUGT-HIGH, 8-MH:
UNBALANCEDR DIPGLE IN FOREST, E¢ AT 8 Mh:
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